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PREFACE

TO THE EIGHTEENTH VOLUME.

of

/THIS volume completes the English edition of Gmelin's "Hand-
buch cler Chemie," the first six volumes of which are devoted

to Inorganic, the remaining twelve to Organic Chemistry. The

original work is in seven volumes, three of Inorganic, and four

of Organic Chemistry.

At Gmelin's death in 1852, the fourth and fifth volumes of

the " Handbuch "
(1 und 2 der Organischen Chemie, 7 11 of

the Translation) were completed ;
and for the remainder of the

work, the author had made extracts extending over the whole

remaining portion of Organic Chemistry. These, however, on

account of his peculiar handwriting, and the numerous ab-

breviations which he adopted, were very difficult to decypher ;

moreover, their value continually diminished as the work ad-

vanced, and in the last volume they availed but little to

diminish the labour of compilation.

The continuation of the work was undertaken in 1852, by
Dr. KARL LIST, now Professor of Chemistry in the Industrial

School at Hagen, who wrote the first half of the sixth volume

(vol. xii and vol. xiii to p. 115 of the Translation). At the

beginning of 1858, the work passed into the hands of Dr. KARL
KRAUT, Professor at the Polytechnic School in Hanover, who
wrote the remainder of the sixth volume (vol. xrii, pp. 116

384 of Translation), and the greater part (1870 pages) of the

seventh volume (vols. xiv xviii of the Translation). The first

540 pages of the seventh volume are the work of Professors

L. CARIUS, K. SCHWANERT, W. HALLWACHS, and H. HITTER.

40871



VI PREFACE.

An eighth volume has been added, treating of Physiological

Chemistry, the Animal Chemistry (Zoochemie) being written

by Prof. LEHMANN, the Vegetable Chemistry (Phytochemie) by
Prof. ROCHLEDER. This volume, which is rather an addition to

Gmelin's Handbook than an integral part of it, has not been

translated. The "
Zoochemie," indeed, with the exception of

a few recent additions, is identical with Lehmann's " Lehrbuch

der Physiologischen Chemie," a translation of which by Dr. DAY
was published some years ago by the Cavendish Society.

In conclusion, I beg to tender my best thanks to several

gentlemen who have assisted me in the course of the work:

namely, to Mr. FRANCIS RUDALL, who translated the third,

and portions of the second and fourth volumes, and made
several valuable additions

;
to Professor Gr. C. FOSTER, for

translation of portions of the fifteenth and sixteenth volumes,

and for many valuable additions
;

to Professor ROBINSON, of

Clifton College, for translation of the seventeenth and the

greater part of the eighteenth volume ;
to Dr. E. ATKINSON and

Dr. A. DUPRE for portions of the thirteenth, and to Mr. A.

E. FLETCHER for part of the sixteenth volume. I have also to

acknowledge the assistance of the late Mr. CHARLES E. LONG in

the translation of the fourteenth volume.

HENRY WATTS.

LONDON, September, 1871.
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COMPOUNDS CONTAINING 48 ATOMS OF CARBON.

Primary Nucleus C48H33
; Oxygen-nucleus

Sylvinolic Acid.

R. MALY. Wien. Acad. Ber. 44, 121; Krit. Zeitschr. 5, 47; J. pr.
Chem. 86, 111; Chem. Centr. 1862, 76; Repert. Chim. pure 4, 443;
Jahresber. 1861, 389.

Formation and Preparation. When hydrochloric acid gas is passed
into an alcoholic solution of abietic acid, the liquid becomes hot, and
assumes a brown colour, and, after cooling, deposits sylvic acid (xvii,

318), the brown filtrate from which yields sylvinolic acid in white

flocks, on addition of water.

C88H64()io + 2HO = C^H^O4 + C48E36O8 ? (Kr.)

Properties. White amorphous powder, melting at 130 with decom-

position. Has an acid reaction.

Maly.
a. b. mean.

48 C ........ 288 .... 74-23 50 C ........ 300 .... 75*00 .... 74*55
36 H ........ 36 .... 9-28 36 H ........ 36 .... 9'00 .... 9'24
8O ....... 64 .... 16-49 8O ........ 64 .... 16'00 .... 16-21

C48H36O8.... 388 .... 100-00 C50H36O8
.... 400 .... lOO'OO .... 100-00

Maly gives the formula b, but the formation of sylvinolic acid from abietic acid
seems to support the formula with 48 atoms of carbon.

Sylvinolic acid is insoluble in water. It is bibasic, and forms
neutral salts having the formulaC^WO8

.

Potash and Soda salts. Amorphous masses, soluble in alcohol, and

forming opalescent liquids in water.

Lime-salt. Obtained by precipitating an alcoholic solution of the
acid with alcoholic chloride of calcium and ammonia. Bulky flocks,

slightly soluble in alcohol.

Flocks. Maly.
C48H3'O6

............ 370 ............ 86-85
2CaO ................ 56 ............ 13-15 ............ 10'24

C48H34Ca2O8
.... 426 ............ lOO'OO

Silver-salt. Nitrate of silver throws down from the alcoholic acid

a white powder, which reddens on exposure to light, and dissolves

easily in ammonia-water, and with difficulty in alcohol.

VOL. XVIII. B
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.

Maly.
G
............ 370 ............ 61-46

2AgO ............ 232 ............ 38-54 ............ 37'04

C48H34Ag2O8
_. 602 ........ 100-00

Sylvinolic acid dissolves easily in alcohol and in ether, and is left

behind in the form of a pitch on evaporating the solution.

Conjugated Compounds of Sylvinolic Acid.

1. Summary of the Constituents of the Pine resins.

The resinous sap which exudes from various species of conifers,
contains a volatile oil (xiv, 240) and one or more non-volatile con-

stituents, which consequently are found in turpentine, as well as in

the colophony or resin obtained by distilling turpentine with water and

melting the residual mass.
a. According to Unverdorben, colophony is to be regarded as impure

(amorphous) pinic acid. Turpentine, French colophony, and the resin

of Pinus sylvestris, contain also (crystallisable) sylvic acid, together
with smaller portions of other resins. Trommsdorff, Rose, and Liebig
likewise distinguish pinic and sylvic acids as two different acids.

fc. According to Laurent, the turpentine of Pinus maritima, as well
as the other species of pine, contains (crystallisable) pimaric acid,
which is converted on standing into the isomeric pinic acid (formerly
described as amorphous pimaric acid), and by distillation into the like-

wise isomeric sylvic acid (formerly distinguished as pyromaric acid).
Strecker (Ann. Pharm. 68, 338) regards sylvic, pimaric, and pyromaric
acids as identical, whilst according to Sievert, sylvic and pimaric acids

are different
;
the latter, however, volatilises unaltered, so that Sievert

regards Laurent's pyromaric acid as pimaric acid.

c. According to Maly, whose view is here regarded as the soundest,

colophony or pinic acid is the anhydride of abietic acid, and suscep-
tible of conversion into (crystallised) abietic acid by absorption of

water. The salts of pinic acid are formed from abietic acid, by the

absorption of water. The sylvic acid of Unverdorben is also abietic

acid ; but not that of Sievert, who decomposed abietic acid by the

action of sulphuric acid, and examined the body thus formed as sylvic

acid, C 40H30 4

(xvii, 318). If the latter part of Maly's view is well

founded, Trommsdorff, Rose, and Liebig must have examined sylvic

acid, whilst it is not clear from the statements of Unverdorben and

Sievert, whether they refer to the acid prepared with sulphuric acid, or

to that obtained by crystallisation (Kr). Maly is inclined to regard
Laurent's pimaric acid also as abietic acid.

2. Abietic Acid.

MALY. Wien. ATcad. Ber. 44, 121
; Krit. Zeitschr. 5, 47 ; J. pr. Chem.

86, 111; Chem. Centr. 1862, 73; Rep. Chim. pure, 4, 443; Kopp's
Jahresber. 1861, 389. Ann. Pharm. 129, 94; J. pr. Chem. 92, 1 ;
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Chan. Centr. 1864, 508 ; Krit. Zeitschr. 7, 441
; Kopp's Jahresb. 1863,

402. Ann. Pharm. 132, 249; Kopp's Jahresb. 1864, 408. J. pr.
Chem. 96, 145; Chem. Centr. 1865, 1160; Kopp's Jahresb. 1865,
402.

See other researches under sylvic acid (xvii, 318) . Abietinsdure (Maly) to be

distinguished from the abietinic acid of Caillot.

Source. As abietic anhydride it forms, together with volatile oil

the chief constituent of the resin of Pinus Abies, P. Larix, and pro-
bably of other pines and firs.

Preparation. Powdered colophony is digested for a week with
70 per cent, alcohol, whereby it is converted into a granular mass ; the

liquid is separated ;
and the residue is dissolved in alcohol of 90 to

92 per cent., then filtered, and completely precipitated by mixing the
solution with hot water. After pouring away the liquid, the brown
resinous cake is converted, on standing for 1 to 3 weeks, into a

crystalline mass, enclosing in its interstices a brown soft resin. The
latter body is removed by cold alcohol, and the crystals are pressed
and purified by crystallisation from hot alcohol. In this way crystals
are obtained amounting to 80 p. c. of the colophony employed (Maly).

Properties. Irregular, transparent, pointed crystals grown together
by their broader ends, or white, pointed, oval laminae (Maly). Doubly
oblique prismatic ? There are five faces (fig. 70) ;

u' before and behind,
t before and behind to the left, and p. Angle t behind : u' behind =
47 ; t before : u before = 131 30' ; p : u1 = 69 ;

t behind : p = 104

(by calculation 104 35'); t before :p = 133 30' (v. Lang, J. pr. Chem.

96, 162). When heated to above 100 for some time, it cakes together

slightly. It begins to melt at 129, and melts completely at 144 with-
out losing weight. Has an acid reaction. It is eliminated by the

kidneys unaltered.

88 C ..
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Decomposition. 1. On passing hydrochloric acid gas into alcoholic

abietic acid, sjlvic (xvii, 318,) and sylvinolic acids are formed:

+ 2HO = C48H35O8 + CWH^O4
? (Kr.)

"Wlien abietic acid is added to boiling alcoholic hydrochloric acid, and distilled,

a small quantity of oily drops, probably of an ethyl-compound, passes over.

2. Abietic acid is but little altered in appearance by dry chlorine, but
it evolves hydrochloric acid gas, and increases about 14*13 p. c. in

weight.
The product is Maly's dichlorabietic acid, C^CPH^O5

,
in accordance with his

older formula for abietic acid, C^IP-'O5
. In the formation of this body, however,

100 parts of abietic acid must have taken up 20 -53 parts, and not as Maly calculates,
13'4 parts, of chlorine. The statement that this acid contains 16'92 p. c. of chlorine

(calc. 17-53 p. c. Cl) is in favour of Maly's formula C^CPH^O5
,
or C^CPH^O 10

;

but this formula is inconsistent with the fact that the soda-salt of the acid contains

10-45 p. c. of soda, whilst by calculation it should contain only 7*26 p. c. (Kr.).
" Dichlorabietic acid

"
forms a whitish-yellow mass of acid reaction, melting at 124,

with liberation of suffocating vapours. It dissolves less freely than abietic acid in

hot dilute caustic soda, and is precipitated unaltered by acids. It is less soluble

than abietic acid in alcohol, easily soluble in ether. Its soda-salt, obtained by add-

ing carbonate of soda to a hot alcoholic solution of the acid and evaporating, forms
an alkaline brittle resin.

3, Abietic acid dissolves easily when triturated with oil of vitriol,

forming a reddish-brown solution, from which it is at first precipitated

by water unchanged. When the solution is slightly warmed, or

allowed to stand for 24 hours, it evolves sulphurous acid, after

which water throws down a reddish precipitate containing sulphur,
which dries up to a whitish-yellow mass over oil of vitriol. This body
is decomposed at the temperature of 80 in the moist state, with liberation

of sulphuric acid, and even when dry it turns soft and blackens below 100. It

has an acid reaction ; forms with alkalis uncrystallisable compounds, and with baryta a

compound which is insoluble in alcohol, and contains sylvic acid, together with about
an equal number of atoms of sulphuric acid. It dissolves slightly in alcohol, and

very easily in ether-alcohol, forming a purplish-violet solution, which turns brown
on standing-- On mixing a hot alcoholic solution of abietic acid with

sulphuric acid, sylvic acid is produced. No sugar is formed, even after

long standing.

4. When triturated with pentachloride of phosphorus, abietic acid

turns warm and brown and becomes fluid
;
the product yields on distil-

lation, hydrochloric and chlorophosphoric acids in succession, and,

lastly, at 295 to 350, and still higher temperatures, a volatile oil,

whilst charcoal remains behind (Maly).
The volatile oil, Maly's abietone, forms when rectified a wine-yellow

fluorescent liquid, of faint aromatic odour, free from chlorine, and when
rectified over sodium, free from oxygen. It solidifies to an amorphous
mass in the cold. When it is submitted to fractional distillation and
collected in four portions, the separate portions, the first of which
distils at 295 to 303, have the composition given below, for which

Maly gives the accompanying formulae. Bromalrietone, obtained by
dissolving the first portion in ether and adding bromine, is dark-

brown, not decolorised by potash, and contains 23*6 to 27*2 p. c. of

bromine.
a. Maly. b. Maly.

88 C ........ 89-80 ........ 89-84 88 C .... 90'41 ........ 90-24

60 H ....... 10-20 ........ 10-21 56 H .... 9'59 ........ 9'50

... 100-00 . 100-05 C^fl56
... 100-00 . 9974
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B. Acid. Obtained by boiling alcoholic abietic acid with carbonate
of magnesia as long as a test-portion of the liquid is turned milky by
water, and until a flocculent precipitate is formed

;. filtering into a large

quantity of water ;
and collecting the quickly deposited flocks. Light,

white mass, resembling magnesia. Becomes electric when rubbed,
and hardens at 100, without losing weight. Dissolves easily in

alcohol, and is precipitated from the solution by water,

Maly. (Kraut.)
C88H63Q10 ........ 671 ............ 9825
Mg .................... 12 ............ 175 ............ 1-56 ............ 1-62

C88H63MgO10
.... 683 ............ 100-00

Alumina-salt. White flocks, slightly soluble in water and in

alcohol, easily soluble in ether and in bisulphide of carbon.

Zinc-salt. Formed from the potash-salt and sulphate of zinc.

White flocks, nearly insoluble in water, slightly soluble in alcohol, and

freely in ether,

Maly.
Over oil of vitriol. mean.

C^H^O10
............ 670 ............ 91-15

2 Zn .................... 65 ............ 8-85 ............ 9'13

CSWZnSQ10
.... 735 ............ 100-00

The potash-salt throws down from nitrate of cobalt a peach-blossom
coloured, and from mercurous nitrate, a white precipitate, both un-

changed by boiling.

Copper-salt. A solution of abietic acid in ether or bisulphide of

carbon, takes up a large quantity of oxide or carbonate of copper.
Sulphate of copper throws down from the potash-salt of abietic acid

pale-green flocks, slightly soluble in water and alcohol, easily soluble
in bisulphide of carbon and ether, with splendid green colour.

Maly.
C88H62oio ............ 670 ............ 91-36
2 Cu .................... 63-6 ............ 8-64 ............ 8'67

C8SH<52Cu2O 10
........ 733-6 ........... 100-00

Silver-salt. Alcoholic nitrate of silver throws down from a warm
alcoholic solution of abietic acid, on addition of a drop of ammonia-
water, a white pulverulent precipitate, slightly soluble in alcohol
and very easily soluble in ammonia-water and ether. This salt alone, and
no acid salt, is formed also when an ethereal solution of the silver-salt is mixed with
excess of abietic acid and precipitated by ammonia, or when the acid magnesia-salt
is precipitated by niti-ate of silver.

Maly.
88 C .................... 528 ............ 59-61 ............ 59'5L
62 H ....._ ............ 62 ............ 6-99 ............ 7-39
10 .................... 80 ............ 9-03 ............ 9-07

2Ag ................ 216 ............ 24-37 ............ 24-03

Five other salts contained 2571 to 26'32 p. c. of oxide of silver (theory requires
26-17 p. c. AgO).
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Abietic acid is soluble in bisulphide of carbon, wood-spirit, chloroform,
ether, and benzene (Maly). It does not combine with urea or aniline

(Maly).

3. Abietate of Ethyl.

C 98H72 10 _ 2C4H5
0,C

88H62 8
.

R. MALY. J. pr. Chem. 96, 145.

Freshly precipitated abietate of silver is added, in small portions, to

iodide of ethyl previously diluted with ether, whereupon the mixture

becomes warm and iodide of silver separates. After standing for

24 hours, the liquid is filtered, and the filtrate evaporated over the

water-bath. The product is purified by dissolving it in ether-alcohol,

precipitating with water, taking up the oily drops which separate
with ether, and evaporating This body is not formed by passing hydrochloric
acid gas into alcoholic abietic acid, and is only sparingly formed by distilling an
alcoholic solution of abietic acid with oil of vitriol.

Abietate of ethyl forms a yellowish, clear, somewhat soft mass, of

a syrupy consistence at 100 and having a resinous ethereal odour.

It is decomposed by distillation, with elimination of water. It is

insoluble in water, but sparingly soluble in alcohol, easily in ether and
ether-alcohol.

Maly.
mean.

96 C
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5. Abietic Anhydride.

C88He2 = C48H38 6
,C

40H29 3
.

MALT. Ann. Pharm. 132, 249 ; J. pr. Chem. 96, 140.

Abietic acid does not undergo any alteration at 100, and even at

higher temperatures does not give off water until it begins to be coloured
and decomposed. Neither does it yield an anhydride when melted in a
stream of carbonic acid and more strongly heated. But the forma-
tion of abietic acid from pine and larch resins, as well as from colo-

phony, is the result of the absorption of water, so that these bodies
must be regarded e

as the anhydride of abietic acid, or as mixtures

containing it, as the following experiments show :

a. Colophony dried over oil of vitriol is dissolved in alcohol ; and
water is added to the solution till turbidity is produced ; then after the
formation of a mass of crystals of abietic acid, the whole is evaporated,
and the residue is again dried over oil of vitriol, and lastly in the water-
bath. In this way 96*5 parts of colophony take up 3'5 parts of water,

corresponding to the formula C^H^O8 + 2HO (calc. 3-82 parts HO).
b. A solution of colophony in absolute alcohol deposits no crystals,

even after standing for months, whereas a solution in alcohol of 70 p. c.

deposits as much as 80 p. c. of the amount dissolved in 8 days. simi-

larly the resinous drops which exude from pine trunks retain their transparency,
after becoming hard from loss of volatile oil, and turn milky and crystalline only in
wet weather.

c. When the resin collected from pines or larches is freed from
volatile oil over the water-bath, there remains an amorphous yellow
residue, which softens between 90 and 100, is of a syrupy con-
sistence at 100, and dissolves easily in alcohol, ether, and chloroform.
This body has the composition of abietic anhydride.

Maly.
Pine and Larch resins.

88 C 528 80-73 80'23
62 H 62 9-48 9'87
80 64 9-79 9-90

C88H62O8
... ( 654 . WO-OO . 100-00

6 Hydrabietic Acid.

MALY. J. pr. Chem. 96, 149.

^
Sodium-amalgam is added to a warm alcoholic solution of abietic

acid so long as each fresh addition continues to produce a perceptible
action, and the resulting soda-salt is allowed to crystallise in the cold.
From the aqueous solution of this salt, neutral acetate of lead throws
down hydrabietate of lead, which is decomposed under alcohol by
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hydrosulphuric acid. The solution, freed from sulphide of lead by
filtration, yields crystals of hydrabietic acid on spontaneous evapo-
ration.

White fatty laminae, melting partially at 140 and completely at

160. Burns on platinum foil, evolving resinous vapours, and leaving
no residue.

Maly.
mean.

88 C 528 78-10 77'97
68 H 68 10-05 10-28
10 80 11-85 11-75

C88H'O 10 6?6 100-00 100-00

Hydrabietic acid is insoluble in water. It is Ubasic, and forms
neutral salts, represented by the formula, C^H^MH) 10

.

Soda-salt. Long, silky needles, which effloresce rapidly in the air,

and lose the whole of their water at 100.
Maly.

C88H66Q10 674 87-08
2Na 46 5-94 6'18
6 HO 54 6-98 6'62

C88H66JSTa
2 10 + 6HO .... 774 100-00

Lime-salt. Precipitated by chloride of calcium from the ammonia-
salt, in white flocks soluble in alcohol.

The aqueous soda-salt produces white precipitates with neutral
acetate of lead, mercurous nitrate, and nitrate of silver ; it does not preci-

pitate mercuric chloride.

Hydrabietic acid dissolves easily in alcohol and ether.

Appendix to Abietic Acid,

1. Colophony and Pinic Acid.

The colophony or resin, obtained by distilling turpentine with water
and melting the residual mass, is to be regarded, according to Unver-
dorben, as impure pinic acid, or according to Maly, as abietic anhydride.
Pinic acid occurs also in white resin and in turpentine.

Unverdorben's pinic acid is obtained by distilling Venice turpentine
with water, so that the oil of turpentine passes over ; dissolving the
residue in 65 p. c. alcohol

; precipitating the solution with alcoholic
acetate of copper; washing the precipitate with absolute alcohol;
dissolving it in alcohol containing hydrochloric acid, and mixing the
solution with |th of its volume of water. It forms a colourless trans-

parent mass, hard and brittle in the cold, but elastic when warmed, and
melting like colophony. It is inodorous, and has a very faintly bitter
taste (Unverdorben). Sp. gr. of colophony = 1-0727 (Brisson), 1-08

(Thomson). Pinic acid is obtained by the spontaneous evaporation of
its ethereal solutions in amorphous granules containing 77-66 p. c. C.,
9*73 H., and 12-61 0., and is consequently isomeric with sylvic acid

(Laurent, Ann. Chim. Phys. 65, 324).

According to Unverdorben, colophony (as also the resin of Pinus
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sylvestris) contains two other resins, differing- from the preceding:
a. A resin soluble in rock-oil and oil of turpentine, obtained by digesting
colophony or pine-resin with carbonate of magnesia, boiling the filtrate

with water, separating the precipitate thereby formed, evaporating
the solution to dryness, exhausting the residue with water, and preci-

pitating the solution with acids. b. A resin easily soluble in aqueous
ammonia and in weak spirit, but insoluble in ether and rock-oil, obtained

by distilling with water a solution of 7 parts of colophony in 6 parts
of alcohol, whereby a resin is deposited, and adding phosphoric acid to
the solution.

Colophony remains almost unaltered, even after prolonged fusion ;

it turns brown slowly, but scarcely loses weight when kept for some
days, at the temperature of 140 150 (Maly). The brown decom-

position-product formed on boiling is Unverdorben's coloplolic acid.

When colophony is heated to a temperature of 200 to 400, and sub-

jected to a current of superheated steam, it is volatilised, apparently
without decomposition. The distillate forms, after dehydration, a

colourless, perfectly transparent, glassy mass, in which stellate groups
of crystals appear after veiy long standing (Hunt & Pochin's patent,
Hann. Gewerb. Mittheil. 1859, 318). Weidenbusch's objections to this

process (Krit. Zeitschr. 1860, 263) are founded on totally erroneous

conceptions. Colophony thus distilled yields abietic acid by Maly's
process (Kr.).

Pinic acid subjected to dry distillation yields hydrocarbons, tar,

water containing acetic acid, colopholic acid, and a large quantity of

unchanged pinic acid. In the distillation of large quantities, more
water, and instead of tar a brownish-yellow oil, and very little pinio
acid pass over (Unverdorben). The rapidly conducted dry distillation

of colophony yields water, a carbonaceous residue, and an oily distillate,
which contains colophene (xiv, 279) together with undecornposed colo-

phony, and cannot be quite freed from dissolved colophony by repeated
distillation. There is also formed an oil isomeric with colophene, having
no action on polarised light, probably terebene (xiv, 273), (Deville, Ann.
Chim. Phys. 75, 69).

When commercial pine-resin is kept in a state of fusion so long as

it continues to give off water and turpentine, and until it begins to

decompose, and is then submitted to dry distillation, it yields water and

Fremy's resinein. The latter body forms, after rectification, a faintly

coloured, very dense, nearly inodorous and tasteless liquid, boiling at

250. It is resinised by nitric acid and by litharge, with separation of

lead ; it burns like fat oils, but with more smoke ; is insoluble in potash-

ley,
but slightly soluble in alcohol and easily in ether. Resinein con-

tains 84-1 p. c. C., 10-7 H., and 5'2 0., corresponding to the formula
-

Colophony intimately mixed with 8 parts of lime, and distilled at a

gradually increasing temperature, yields a mixture of volatile oils

having an ethereal odour, together with a little water. The mixture

yields by rectification the following bodies :

a. Resinom, melting at 78, colourless, limpid, of burning taste, and
inflammable like alcohol. It is insoluble in water, but dissolves in

alcohol (whereby a little oil of turpentine is separated) and in ether.

It contains 78'44 p. c. C., 11-60 H., and 9-96 0., corresponding to the
formula C^H^O2

(Fremy).
b. Resineone, melting at 148, a less limpid oil of less burning taste
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than a, and not so freely soluble in alcohol. It contains 83-92 p. c. C.,

11-20 H., and 4-88 0., and is represented by the formula C29II23

(Fremy, Ann. Chim. Phys. 59, 13 ; Ann. Pharm. 15, 284).
When melted pine-resin is allowed to drop upon coke heated to

redness in iron cylinders, as in the manufacture of resin-gas, liquid and

gaseous products are evolved, whilst carbon is left behind. The liquid

products amount to y^ths of the resin employed. When submitted to

fractional distillation, they yield, at 130 to 160, a limpid oil, after-

wards, at 280 to 350, a thick oil, and at intervening temperatures
naphthalin ; above 350 there passes over a body which solidifies in

the condenser, whilst charcoal is left behind.

The limpid oil, treated according to xii, 227, and xiii, 339, yields
toluol and cumol : the solid body contains metauaphthalin (xiv, 10).
These substances, as well as naphthalin, are contained also in the thick

oil, from which however an oil boiling at 238 may be separated by
repeated fractional distillation, or by treatment with oil of vitriol and
caustic potash. This oil, Pelletier and Walter's retinol, is colourless,
inodorous and tasteless, and resembles a fat oil

; its sp. gr. is 0'9, and
its vapour-density 7*11. It contains on the average 91-19 p. c. C.

and 7*94 II., and agrees with the formula C32II16

(calc. 92-31 p. c. C.,

7-69 H. ; vapour-density 7-21), (Pelletier & Walter, Ann. Chim. Phys.

67, 299; J.pr. Chem. 14, 214).
The gas evolved during the dry distillation of colophony in cast-

iron retorts contains, about the middle of the distillation, carbonic acid,
carbonic oxide, ethylene, butylene, and towards the end of the opera-
tion a larger proportion of carbonic acid, together with marsh-gas ; on

cooling, it deposits also a volatile oil. The liquid products of distilla-

tion are at first a yellow limpid oil (essence of resin, vive essence, Harz-

essenz), and afterwards, at higher temperatures, thick fluorescent resin-

oil (huile de resine).

The essence of resin yields by oft-repeated fractional distillation a

product boiling at 97, and another boiling at 160. The former, Schiel's

colophonone, is colourless, limpid, highly refractive, and of sp. gr. 0-84

at 14. It mixes with oil of vitriol, forming a brown liquid from which
water separates a green oil. Nitric acid converts it into a resin. It

turns brown when heated above its melting-point, and also when acted

upon by potassium, in the latter case with brisk evolution of gas. It

does not rotate a ray of polarised light. Vapour density about 51. It

contains, on the average, 79-12 p. c. C., 11*74 II., and 9-14 0., corre-

sponding to the formula C22H18 2

(by calc. 79-52 C., 18-85 H.). The
oil boiling at 160 is greenish-yellow, without action on polarised light,
and contains 87*44 p. c. C., and 11-78 H., and is therefore isomeric if

not identical with terebene (xiv, 273).
The resin-oil contains 86-28 p.c. C., 9-95 H., and 2'77 0., cor-

responding to the formula 60I140 2
(calc. 86*44 C., 9*62 II.). After

being heated for 24 hours with lime it is no longer fluorescent, and
contains when rectified 84*70 p. c. C., 9*69 H., and 5

f 61 0., agreeing in

composition with Deville & Fremy's resinein (the formula C^H^O2

requires 84*51 p.c. C., and 9*80 H.) (Schiel, Ann. Pharm. 115, 96).
See also Lonyet (Compt. rend. 26, 183).

Colophony is decomposed by distillation with nitric acid. It ab-

sorbs sulphurous acid gas, which is liberated on dissolving in alcohol.

It dissolves in cold oil of vitriol without elimination of sulphurous
acid, and is precipitated from the solution by water ; fuming sulphuric
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acid carbonises it (Unverdorben). Potassium and sodium undergo
oxidation slowly in melted colophony, without evolution of light (Gay-
Lussac & Thenard). Piuic acid dissolved in alcohol and exposed to
the air is converted into two resins, one of which, by much the greater
part, is insoluble in rock-oil. This resin is formed also when pinic
acid in combination with aqueous alkali is exposed to the air (Unver-
dorben).

The flocculent colophony obtained by precipitating an alkaline solu-

tion with hydrochloric acid contains, after drying in the air, 13*1 p. c.

of water. Colophony also takes up a little water when boiled therewith,

becoming at the same time opaque and brittle (Unverdorben).
Finic acid combines with bases to form salts. Excess of pinic acid

expels carbonic acid from aqueous carbonates of the alkalis on boiling.

Dry carbonate of potash is slowly dissolved by an ethereal, and still

more slowly by an alcoholic solution of pinic acid, but is rapidly dis-

solved by a solution in oil of turpentine. The fused acid also expels
carbonic acid from the carbonates of potash, soda, lime, and magnesia,
and decomposes chloride of calcium, chloride of magnesium, and suc-

cinate and benzoate of potash. Alcoholic pinic acid precipitates alco-

holic solutions of acetates, forming pinates. Salts of pinic acid are

obtained (1) by dissolving the acid in an aqueous solution of the base;

.(2) by precipitating the alcoholic solution of an acetate with alcoholic

pinic acid, dissolving the precipitate in ether, and precipitating with

alcohol, which retains in solution the excess of pinic acid ; (3) by double

decomposition. The salts are amorphous, partly pulverulent, partly
resinous. Their solutions are decomposed by acetic, boracic, and

stronger acids. A few only dissolve in water and alcohol, but all in

ether, and the greater number in excess of pinic acid (Unverdorben).

Pinate of Ammonia. Powdered colophony absorbs 3*02 p. c. of

ammonia-gas in an hour, and no more afterwards (1 atom of NH3 to

C68H62 8 = 2-6 p. c.). The compound gives off the greater part of the

ammonia in the air, and dissolves to a very slight extent in water,

leaving a sticky mass. A solution of pinic acid in aqueous ammonia
becomes thick and turbid on cooling ; when boiled, it gives off ammonia
and deposits pinic acid.

Pinate of Potash. On boiling an ethereal solution of pinic acid

with carbonate of potash a colourless mass is obtained. Hot, very
dilute potash-ley takes up colophony in all proportions, and forms a

thick liquid, cooling to a viscid mass, from which water extracts a

little potash-salt. On saturating hot potash-ley with colophony, evapo-
rating the brownish-yellow solution, and drying the residue at 100, the

colophony is found to have taken up from concentrated solution of

potash 9-9, and from diluted solution 17-5 p. c. of potash. The com-

pound dissolves slowly in all proportions of water, forming a solution

which, when it contains |th of the salt, is oily and of sp. gr. 1-042, and
from which caustic potash, carbonate, and acetate of potash, chloride of

sodium, sulphate of soda, and other salts precipitate a semi-fluid

mass. The salt dissolves in alcohol and ether, but not in oil of tur-

pentine, or olive oil (Unverdorben).
The soda-salt contains 7'6 parts of soda to 100 parts of colophony.
The baryta-salt is a yellowish-white powder, containing 13 parts of

baryta to 100 of colophony ; it is insoluble in alcohol, but easily soluble

in ether. The lime-salt, obtained by double decomposition, contains
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5*17 parts of lime to 100 of colophony; it dissolves easily in ether and
oil of turpentine. The magnesia-salt, precipitated from sulphate of

magnesia by pinate of potash, contains 3*7 parts of magnesia to 100
of colophony ;

it dissolves easily in ether, but not in alcohol.

Pinate of Zinc. Pinate of potash throws down from solutions of

zinc sulphate yellowish-brown flocks, which, when precipitated from
concentrated solutions, contain 7 parts, and from dilute solutions 10 to

11 parts of zinc oxide to 100 parts of colophony. The compound is

insoluble in alcohol, but completely soluble in ether and in boiling lin-

seed oil
;
it dissolves also in oil of turpentine, with separation of flocks.

- When zinc-oxide is heated to 300, witli a little pinic acid, the mass
takes fire and smoulders (Unverdorben).

Pinate of Lead. White, very soft powder, not sticky at 100, but
fusible to a transparent resin at a higher temperature. It dissolves in

oil of turpentine and fat oil, and very slightly in alcohol and ether.

The salt precipitated by alcoholic pinic acid from an alcoholic solution

of neutral acetate of lead contains 13 to 15 p. c. (Unverdorben), 27-31

p. c. (Rose). 25 p. c. (Pelletier) of lead oxide.

t Ferrous pinate is a white powder, soluble in ether only after oxida-

tion by the air to ferric pinate. Ferric pinate, obtained by precipi-

tating ferric chloride with pinate of potash, is a brown powder, not

sticky at 100. It contains 4'1 p. c. of ferric oxide, and dissolves in

ether with pale-brown, and in oil of turpentine with yellowish-brown
colour (Unverdorben).

Pinate of Copper. Green powder, caking together at 100, melting
to a transparent dark-green resin at higher temperatures, and then

decomposing, with formation of cuprous oxide. Contains 7*4 parts of

oxide of copper to 100 of pinic acid. It is insoluble in water, slightly
soluble in alcohol and rock-oil, and very easily soluble in ether, oil of

turpentine, and fat oils, forming dark-green solutions (Unverdorben),

Pinate of Silver. Pinate of potash throws down from nitrate of

silver, a yellowish powder containing 21 parts of silver oxide to 100

parts of'the acid. The salt is insoluble in water and alcohol, but

easily soluble in ether and oil of turpentine. Caustic potash throws
down from the salt, oxide of silver, which re-dissolves on boiling,

forming a dark-brown solution, which is not precipitated by chloride

of sodium, and therefore probably contains suboxide of silver. The
&oluti< n yields with acetic acid a brown precipitate, probably of argen-
tous pinate, insoluble in alcohol and ether, but soluble in oil of turpen-
tine and dilute caustic potash ; the latter solution may be evaporated
down to a brown extract without undergoing decomposition. The
solution of pinate of silver in oil of turpentine turns dark-brown when
heated, and deposits on boiling a dark-blue compound of resin with
suboxide of silver, which compound is also formed when pinic acid is

melted with carbonate of silver (Unverdorben).

Colophony dissolves in bisulphide of carbon (Lampadius) in ter-

chloride of arsenic, forming a bluish-green solution, which turns brown
when heated (Davy). Pinic acid may be melted together with oleic

and stearic acids ; the mixture is not separated by alcohol of 60 p. c.

(Unverdorben). Colophony dissolves in cold carbolic acid (Raurge).
On prolonged digestion at a temperature of 15 to 20, colophony
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dissolves in 52-5 parts of alcohol of 45 p. c., in 26-8 parts of 55 p. c.,

in 8'3 parts of 71 p. c., and in stronger alcohol so freely that the solu-

tion forms a jelly. When excess of colophony is added to alcohol of

71 p. c. the emulsion formed by shaking separates on standing into

two layers, the upper of which contains a little colophony with a large
quantity of alcohol, whilst the lower consists of clear and liquid colo-

phony with a very small quantity of alcohol. In alcohol of 88 p. c. the
excess of colophony does not become liquid (Fliickiger, Pharm.

Viertelj. 11, 61). Colophony dissolves easily in ether, ivood-spirit, and

fatty and volatile oils. When melted together with aloeretic acid it

forms a deep-blue mass, having strong colouring properties (Bar-
reswil).

2. Turpentine and Pine-resin.

The resinous juice exuding from incisions in the bark of various

species of pine is either rich in oil of turpentine, sticky, and of the

consistence of honey (turpentine), or it is (as in the case of that ob-

tained from Pinus Picea) less oily, and rapidly hardens to a resin. The

turpentine exuding from other species of pine, when exposed to the air

for some time on the trunk, likewise hardens to white resin, white pitch,
or galipot. This last, when subjected to prolonged fusion, whereby oil

is volatilised, and pressed through hempen bags, forms yellow pitch,
whilst by a less prolonged fusion, straining, and subsequent trituration

with water till it cools, it is converted into Burgundy pitch. On dis-

tilling the turpentines with water, Terebenthina cocta remains as a yellow
mass of conchoidal fracture, which, when melted alone, loses water
and oil, and is converted into colophony.

Turpentine is yellowish-white, transparent, or opaque, of the con-

sistence of honey, sticky, elastic, and is rendered fluid by a gentle
heat. It smells and tastes like oil of turpentine, and reddens litmus

more strongly than its aqueous decoction. It is a mixture of oil of

turpentine (xiv, 239), and, according to Maly, abietic anhydride

(p. 8) ; according to tlnverdorben pinic acid, sylvic acid, and small

quantities of other resins ; it contains also a little succinic acid, and a

small quantity of bitter substance soluble in water. When distilled

alone, turpentine yields, besides volatile oil, a little aqueous acetic acid

and needles of succinic acid (Pessina). It dissolves rapidly in oil of
vitriol; water throws down from the solution at first a yellow, then a

black resin, and lastly a carbonaceous mass, from which alcohol extracts

Hatschett's artificial tannin, a brown substance soluble in water and

alcohol, and giving a precipitate with gelatin (N. Gehl. 1, 155). Tur-

pentine dissolves slightly in strong, and easily in weak ammonia, with the

exception of a brown jelly. It dissolves completely in caustic potash
not in excess, but the addition of more potash partly precipitates it in

white flocks of a potash-compound. The solution may be evaporated
at a gentle heat, without loss of oil, to a clear yellow mass, which
dissolves easily in water (Berzelius, Pogg. 10, 252).

Most of the turpentines rotate a ray of polarised light to the left, a

few, however, to the right ; the latter yield an oil which exerts less

rotatory action than turpentine itself (Biot, N. Ann, Chim. Phys.,

10, 11).

a. Common Turpentine. From Pinus sylvestris. Opaque, greyish-
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yellow. Exerts a left-handed action on polarised light (Biot). Contains

pinio acid, volatile oil, a little sylvic acid, a trace of a resin insoluble in

rock-oil, and a small quantity of extractive matter (Uriverdorben).
The resin from the stem of Pinus sylvestris is sometimes white and

opaque, and consists almost entirely of sylvic acid with a little volatile

oil, 8 p. c. of pinic acid, and a trace of extractive ; at other times it is

translucent and yellow, and then contains 90 p. c. of pinic acid, 9 p. c.

of sylvic acid, and a resin insoluble in oil of turpentine, varying
1 in

amount from 1 to 25 p. c. (Unverdorben). Transparent drops of pine-
resin, dissolved in ether to separate fragments of wood, arid recovered
from the filtrate on evaporation as a yellow translucent pasty mass,
contained 77*46 p. c. C., 9'70 II., and 12-84 0. (Schrotter, Pogg.
59, 69).

Pine Mastic. Occurs in peculiar lumps on the trunks of pine
trees, and is distinguishable by the practised eye from ordinary pine-
resin. When freed from bark and kneaded into cakes under warm
water, it is made use of in Sweden for chewing. Externally, it is

pale, reddish-brown, internally pale, yellowish-brown; it is brittle, and
exhibits a milk-white fracture. It tastes balsamic and sour ; when
chewed it turns soft at first, but afterwards becomes brittle, and of a~

rose-red colour. When boiled with water, it yields a small quantity of

a thick brownish-yellow oil, differing from turpentine ; the water takes

up a peculiar acid, which is not entirely extracted, even by 16 times

repeated boiling. After boiling with water, the resin is completely
soluble in alcohol, from which it is precipitated by water as a white or

rose-red powder ; after fusion it is brittle and no longer softens when
chewed, and is susceptible of further decomposition by potash or

ammonia (Berlin).
The peculiar acid of pine mastic is deposited from the aqueous decoc-

tion, on standing for a week, in rose-red granules ; it cannot be obtained

pure by evaporating the decoction, and even the crystallised acid is

converted into a resin on evaporating its aqueous solution in the air.

The acid reddens litmus, and has a very sour taste. When heated in a

glass tube, it melts to a nearly colourless liquid, which solidifies to a

crystalline mass, and when more strongly heated gives off empy-
reumatic oil, leaving charcoal. The acid dissolves with difficulty in

cold, and more easily in hot water. It expels carbonic acid from
alkaline carbonates in the cold, forming neutral salts, which give
white precipitates with hydrochloric acid. The potash-salt is crystal-
line. Neutral acetate of lead throws down from strong aqueous
solutions of the acid, a salt which dissolves in a larger quantity of

water
;

the basic acetate produces a sulphur-yellow precipitate,

even in dilute solutions. The acid precipitates ferric chloride com-

pletely, and throws down from acetate of copper a dirty-green, and

from nitrate of silver a white precipitate. It dissolves easily in alcohol,

and is obtained in radiated crystals on evaporation (Berlin, J. pr.
Chem. 31, 214).

Resins and Wax from the bark of Pinus sylvestris. a. Resins.

Obtained by exhausting the powdered bark with ether, shaking the

ethereal solution with water to remove brown colouring matter, evapo-

rating the ether, and exhausting the residue with warm alcohol, which
takes up resin, leaving wax undissolved. The alcoholic solution is eva-

porated, and the residue, freed from tannic acid by boiling with water,
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is dissolved in boiling alcohol. On cooling-, the solution deposits white
flocks (a), melting at 63 to a pale-yellow oil, which solidifies to a
yellow translucent brittle resin. The alcoholic mother-liquor leaves
on evaporation a brown, pitch-like sticky mass

(6), melting at 44*5

(Stahelin & Elofstetter, Ann. Pharm. 51, 64).

a contains 74-66 p.c. C., 11-17 H., and 14-17 0.
b 73-52 p.c. C., 9-70 H., and 16-78 0.

13. Wax from the bark of Pinus sylvestris. Yellowish, melting at
54. Smells and tastes aromatic. Evolves an odour of acrolein when
heated. Inflammable ; not saponifiable ; insoluble in ammonia and
alcohol, soluble in ether. Contains, on the average, 74-49 p. c. C.,
10-30 H., and 15-21 0., corresponding to the formula C98H82 15

(or
C26H22

O) (Stahelin & Hofstetter, Ann. Pharm. 51, 64).
The needles and bark of Pinus sylvestris yield also Kawalier's

ceropic acid. The ceropate of lead obtained in the preparation of
kinovous acid (xv, 33) is decomposed under alcohol by hydrosulphuric
acid, and filtered boiling ; the filtrate deposits the acid on cooling.
Ceropic acid is also deposited from an alcoholic decoction of the bark
on cooling ; and may be obtained from an ethereal extract of the bark

by recrystallisation from boiling alcohol (see xv, 34).

Ceropic acid forms microscopic white friable crystals, which melt at

100, and solidify like bees'-wax on cooling.

Kawalier.
Dried in a vacuum. a. b.

72 C .................... 432 ........ 74-48 ........ 74-24 ........ 75'55
68 H .................... 68 ........ 11-72 ........ 12-17 ........ 11-32
10 O .................... 80 ........ 13-80 ........ 13-59 ........ 13'13

C72H68Q10 ............ 580 ....... 100-00 ........ 100-00 ........ lOO'OO

a was obtained from the needles
;

b from the bark.

Ceropate of baryta is precipitated from the alcoholic acid by acetate
of baryta (Kawalier, Wien. Acad. Ber. 11, 344).

Dried in a vacuum. Kawalier.

72 C ............................ 432 ............ 65-80 ............ 65'50
68 H ............................ 68 ............ 10-36 ., .......... 1033
10 O ....................... .... 80 ............ 12-19 ............ 12-65

BaO ........................ 76-5 ............ 11-65 ............ 11-52

C72H68O10,BaO ............ 656-5 ............ lOO'OO ............ lOO'OO

Wax from the exfoliating baric of Pinus sylvestris. Obtained in the

preparation of cortepinitannic acid, and purified by precipitating a hot
alcoholic solution with alcoholic neutral acetate of lead, filtering from
the grey flocks thrown down, and passing hydrosulphuric acid into the

filtrate, from which, after repeated filtration, the wax crystallises.
Melts and solidifies like bees'-wax.

Kawalier.

320 ................ 192 ............ 75-00 ............ 75-07
32 H ................ 32 ............ 12-50 ............ 12-60
40 ................ 32 ........... . 1250 ............ 12-33

256 ............ 10000 ............ 100-00

b. The hardened white resin from the trunk of Pinus picea (Duroy)
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contains about 40 p. c. of pinic acid, and 20 p. c. of sylvic acid, together
with the following resins and a little volatile oil (Unverdorben, Pogg. 11,

41). Fir-resin, in white friable pieces, contains 76'68 p. c. C., 9-42 EL,
and 13-90 0. (Schrotter).

\Vhen an ethereal solution of the hardened resin from the stem is

digested with acetate of copper, alpha- and beta-resins are precipitated,
whilst gamma- and delta-resins remain in solution. The solution is

filtered
; the yellowish-green precipitate is decomposed with acids ;

and the resin thereby separated is boiled with rock-oil, which takes up
beta-resin, leaving alpha-resin undissolved. On evaporating the

green ethereal solution, exhausting the residue with 65 p. c. alcohol,
which leaves pinate and sylvate of copper undissolved, and evapora-
ting the alcoholic solution repeatedly, to drive off volatile oil, there
remains a colourless mixture of gamma- and delta-resin, the former
of which is taken up by cold aqueous ammonia.

A Ipha-resin resembles colophony, dissolves in aqueous ammonia and
potash, and in carbonate of soda when boiled therewith. Very strong
potash-ley (containing 50 p. c. of potash) throws down from the alka-

line solution a semi-fluid precipitate. The potash-compound is insoluble
in alcohol and ether, and precipitates chloride of barium from strong
solutions only. The resin dissolves easily in alcohol and ether: its

alcoholic solution precipitates neutral acetate of lead brownish, and
alcoholic acetate of copper yellowish-green, the latter precipitate being
insoluble in ether. Beta-resin is soluble in aqueous ammonia and

potash, precipitates alcoholic acetate of copper yellowish-brown, and
dissolves in 1,000 parts of rock-oil, from which it is almost entirely
deposited in flocks on cooling. Gamma-resin does not precipitate
alcoholic acetate of copper. It is soluble in potash-ley and ammonia,
and easily soluble in alcohol and ether, but very slightly in rock-oil and
oil of turpentine. Delta-resin is insoluble in ammonia (Unverdorben).

c. Bordeaux Turpentine. From Pinus maritima. Turbid when
fresh, but separates on standing into two layers, the upper of which is

transparent and pale yellow, and contains, according to Thenard, 20

p. c. of oil of turpentine, whilst the lower is granular, thick, and

opaque. With half its weight of hydrate of soda it yields a soap
which is soft at first and afterwards liquefies. The resin hardens

quickly with ^gth of magnesia. It dissolves completely in alcohol of

36, but not perfectly in weaker spirit (Moringlane, Duponchel and

Bonastre, J. Pharm. 8, 329; Mialhe, J. Pharm. 22, 592; Guibourt,
J. Pharm. 25, 477). It rotates a ray of polarised light to the left,
more powerfully than d, but yields an oil which exerts a dextro-

rotatory action (Guibourt and Bouchardat). Contains Laurent's pimaric
acid (xvii, 323). The galipot prepared from this resin is completely
soluble in alcohol (Guibourt).

d. Strasburg Turpentine. From Pinus Abies, Duroy (Abies pecti-

nata). Thinner than a; transparent, reddish-yellow or pale-yellow.

Levorotatory, less strongly than c (Guibourt & Bouchardat, N. J.
Pharm. 8, 18). Does not harden with magnesia (Soubeiran).

The colourless, transparent, very fluid turpentine of the Vosges
(from Abies pectinata) contains 23'5 p. c. of volatile oil, 63'44 p. c. of

resin, 0'85 extractive and succinic acid (Caillot). Sell and Blanchet
obtained nearly the same quantity of volatile oil. The water remaining
upon the colophony from which the turpentine has been distilled has

VOL. XVIII. C
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not an acid reaction
;

it produces a precipitate with basic acetate of

lead and iron-salts, with ammonia only after evaporation, probably
owing to the presence of a resin-acid. By distillation and repeated
boiling of the residue with water, the turpentine yields a yellow trans-

parent colophony, containing 78-16 p. c. C., 1O08 H., and 11-76 0.

(Sell and Blanchet, Ann. Pliarm. 6, 269.)
That portion of the resin of Pinus Abies which is soluble in cold

alcohol remains, on evaporating the solution, as a pale yellow brittle

mass, melting at 100
U

,
and containing 74-56 to 75-16 p. c. C., and 9-25

to 9-35 II., corresponding to the formula C40H29 6
. The portion

sparingly soluble in cold alcohol, when purified by solution in hot
alcohol and partial evaporation, melts at 149, and contains, on an

average, 76-98 p. c. C., and 9*40 H., corresponding to the formula
C40H29 5

(Johnston, Phil. Trans. 1839, 298).

Strasburg turpentine from Abies pectinata, Vosges turpentine from
Abis excelsa, and that of Balsamea canadensis contain a neutral resin,

abietic acid, and abietin. To separate these bodies, the turpentine is

distilled with water, and the residue is treated with cold alcohol, which
leaves the resin undissolved in the form of a white non-crystalline

powder, tasteless, neutral, insoluble in alkalis, in cold alcohol of 40, and
in rock-oil. The residue which is left on evaporating the alcoholic

solution, when mixed with twice its weight of carbonate of potash and
boiled with water, deposits a mixture of abietin and abietic acid, which
is to be agitated with 30 parts of water

; the abietin then remains

undissolved, and the abietic acid may be precipitated from the filtrate

by acids.

Abietin forms rectangular needles arranged in tufts, melting even
on exposure to sunshine to a colourless oil, which crystallises on cool-

ing. It is neutral to litmus. It .is insoluble in water, and is not

altered by standing for half a year in potash-ley. It dissolves very
easily in strong- acetic acid, alcohol of 44, ether, and rock oil, crystal-

lising on evaporation.

Abietinic acid cakes together at 55 in a colophony-like mass.
Tastes slightly bitter, and reddens litmus when warm. In combining
with bases it loses about 5 p. c. of water. The ammonia-salt does not

crystallise, and loses its ammonia immediately when heated. The acid

melts with l
part of hydrate of potash to a friable mass, which re-

mains in the form of a jeUy on evaporating its alcoholic solution.

The insoluble baryta-salt contains 40 p. c. of baryta. The acid dis-

solves in all proportions of alcohol, ether, and rock-oil. It forms with

quinine and morphine, white salts insoluble in water, but soluble in

alcohol and ether, from which they do not crystallise (Caillot, J. Phann.

16, 436).

e. Venice Turpentine. From Pinus Larix. Pale-yellow, transpa-

rent, less tenacious and of more agreeable odour than common turpen-
tine. It contains oil of turpentine ;

a large quantity of pinic acid, a
neutral resin, traces of a second resin insoluble in rock-oil, succinic

acid, and a little extractive bitter, which precipitates neutral acetate of

lead, turns brown in the air, and is insoluble in water (Unverdorben).
It does not harden with TVth of magnesia (Guibourt, Soubeiran).
Forms a hard scap with hydrate of soda. It dissolves completely
in alcohol (Guibourt), but after being kept under water for a year, at
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60 to 100, it is insoluble in alcohol and resembles amber (Goppert,
J. pr. Chem. 42, 57).

The neutral resin of Venice turpentine remains in solution after pre-

cipitating- the pinic acid with alcoholic acetate of copper (p. 9). The
filtrate is evaporated, and tho residue, freed from excess of acetate

of copper by means of water, is dissolved in a small quantity of alcohol,

filtered, and boiled with water, whereby the resin is thrown down in a

semi-fluid mass, which is freed from adhering pinic acid by washing
with potash-ley. The resin is colourless and hard, but softens to a

tenacious mass in the mouth. It does not combine with potash or

other bases, but dissolves in a strong aqueous solution of pinate of

potash, from which it is partially precipitated by water. It dissolves

in all proportions of alcohol, ether, rock-oil, and other oils (Unverdor-
ben).

f. Canada Turpentine. From Pinus or Abies balsamea.

yellow, highly-transparent, thin, but very tenacious. Smells and tastes

more agreeable than the other varieties of turpentine. Rotates a ray
of polarised light to the right (Guibourt & Bouchardat). Contains fths
to fths of a resin sparingly soluble in alcohol (Bonastre, J. Pharm. 8,

574). Yields with soda a soft soap, which does not liquefy. The
same tree yields the spurious Mecca balsam, which exudes from incisions

made into enlargements under the bark.

g. Carolina turpentine. From Pinus taeda. Commercial English

turpentine. Very thick at 10, opaque, and of a pale, amber-yellow
colour. After filtration while warm, it deflects a ray of polarised light
to the left, as does also the volatile oil obtained from it (Guibourt &
Bouchardat).

h. Picsin of Araucaria Brasiliana (Conifers). Exudes from old

trees, especially after the bark has been damaged by beetles, and
hardens rapidly in the air. Dull-white or dark-brown irregular pieces,

varying in size from that of a bean to that of a walnut, and elongated

drops.* Has a faint lustre and a smooth waxy fracture. Smells

balsamic, somewhat turpentine-like, and tastes resinous, biting, and
aromatic. Sticks to the teeth. Heated on platinum foil it carbonises

without melting completely, evolving an odour of incense. In a flame
it takes fire and burns, leaving 5 p. c. of ash. -The resin dissolves to

the extent of about frds in water, and Jrd in alcohol ; ether and chlo-

roform take up only traces of volatile oil. It contains volatile oil,

gum, and vegetable albumin, uncrystallisable sugar, and four different

resins. From the mixture of resins, freed from volatile oil and sub-

stances soluble in water, cold alcohol takes up alpha-, beta-, and gamma-
resin, leaving araucaric acid undissolved. The gamma-resin is pre-

cipitated from the alcoholic solution by acetate of copper, and the

beta-resin from the filtrate by alcoholic neutral acetate of lead, whilst

the alpha-resin remains in solution.

Alpha-resin or Curie acid. Pale-brown resin of the consistence of

turpentine, and having a faint odour of that substance. Melts on

platinum-foil, and burns with smoky flame, emitting an odour of incense.

It is insoluble in aqueous carbonate of soda, and only very slightly
soluble in ammonia and potash- or soda-ley. The alcoholic solution is

not precipitated by ammonio-nitrate of silver ; on boiling it therewith
c 2
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silver is thrown down. It does not precipitate cupric or plumbic salts,

but gives a yellow precipitate with ferric salts. It dissolves in ether,

chloroform, and absolute and ordinary alcohol.

Beta-resin or Curiuvic acid is separated from the lead-salt by hydro-
sulphuric acid. Brown, inodorous and tasteless, triturable to a yellow
powder, soft, and sticky between the fingers. The alcoholic solution

has an acid reaction, and precipitates neutral acetate of lead white,
and sesquichloride of iron and nitrate of silver pale-yellow. The resin

dissolves in aqueous ammonia, from which it is precipitated by hydro-
chloric acid, and slightly in potash- and soda-ley. It is sparingly
soluble in bisulphide of carbon ; easily soluble in ether, chloroform,
and alcohol

;
insoluble in fixed and volatile oils.

Gamma-resin or Pinonic acid. Yellow, friable pieces, easily fusible,

inflammable, and burning with a luminous flame. Acid in alcoholic

solution. Dissolves in aqueous ammonia, and easily in ether, alcohol,
and volatile oils.

Araucaric acid. This body is extracted by boiling alcohol from
the resin previously exhausted by cold alcohol, and is deposited on

cooling in the form of a yellow powder, which may be decolorised by
again dissolving it in alcohol. White, indisi inctly crystalline granules,

easily fusible, and burning with flame. It is insoluble in aqueous
ammonia ; but on evaporating a mixture of the alcoholic acid and

ammonia, it remains as a colourless alkaline ammonia-salt, which is

insoluble in water and ether The acid is insoluble in boiling aqueous
carbonate of soda

;
the soda-salt obtained from an ethereal solution of

the acid mixed with soda-ley, is a white amorphous powder, insoluble in

water and ether, but easily soluble in alcohol. The white amorphous
lime-salt precipitated from an alcoholic solution of the acid by alcoholic

chloride of calcium is easily soluble in alcohol (!), insoluble in ether.

The acid dissolves in cold absolute alcohol, and in boiling alcohol of

sp. gr. 0-837 ;
it is easily soluble in ether, chloroform, and volatile oils

(Peckolt, N. Br. Arch. 122, 225).

i. Resins from Oil of Turpentine. The products formed from oil of

turpentine by exposure to the air (xiv, 245), or by the action of nitric

acid (xiv, 249) bear no perceptible relation to the pine-resins. When
oil of turpentine is allowed to resinise in the air, formic acid is among the

products obtained. The colophony-like mass does not yield abietic acid

(Maly).
On dropping oil of turpentine in small portions into nitric acid, and

heating so long as red fumes are emitted, an acid solution and a mixture
of resins are obtained. The latter is either (after short exposure to the

action of the acid) red-brown, soft, and almost entirely soluble in alcohol,
or (after prolonged boiling) yellow and friable. In the latter case a
solution of the resin in boiling alcohol deposits terepthalic acid (xiii,

13), whilst the residue left on evaporation gives up to boiling water
terebenzic acid ^xvi, 183), three other resins free from nitrogen remain-

ing undissolved.

a. Alpha-resin. Insoluble in cold, but soluble to a slight extent in

boiling alcohol, from which it is deposited as a yellow, amorphous
powder. Insoluble in ammonia and caustic potash. Melts above 100.
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When purified by washing with warm alcohol and ammonia, it contains

56-36 p. c. C., 5-65 H., and 37'99 0., corresponding to the formula
C40II24 20

(calc. 56-60 C., 5'66 II.).

b. Beta-resin. Soluble in cold alcohol, but insoluble in ammonia
and caustic potash. Melts below 100. Contains, after drying at 100,
70-12 p. c. C., 7-31 II., and 22-57 0., agreeing therefore with the

formula C40IP*0 10

(calc. 69-77 C., 6-97 II.). ,

c. Gamma-resin. Semifluid at 100. Soluble in cold alcohol, and
in ammonia and caustic potash. Contains, after drying at 100, 61-66

p. c. C., 6-21 II., and 32-63 0., corresponding to the formula C40H24 16

(calc. 61-22 C., 6-12 H.) (Cafflot, N. Ann. Chim. Phys. 21, 36).

Oxyazo-nucleus C48NH33 4
.

Delphinine.

BRANDES. Schw. 25, 369 ; N. Tr. 3, 2, 165.

LASSAIGNE AND FENEULLE. Ann. Chim. Phys. 12, 358; Gilb. 62, 375 ;

N. Tr. 4, 2, 199.

FENEULLE. J. Pharm. 9, 4; Schw. 42, 116.

0. HENRY. J. Pharm. 18, 663; 19, 593 ; Repert. 44, 73 ; Schw. 68, 77;
N. Tr. 26, 2, 240.

COUERBE. Ann. Chim. Phys. 52, 359 ; J. Pharm. 19, 519 ; Ann. Pharm.

6, 100.

J. ERDMANN. N. Br. Arch. 117, 43
;
N. Repert. 13, 86.

DelpJiine. Discovered by Brandes and by Lassaigne and Feneulle simultaneously,
in 1819, in the seeds of Delphinium StapJiisagria, but first distinguished and sepa-
rated from staphisagrine by Couerbe. Occurs in the seeds to the amount of ^th
p. c. (Erdmann) ; more abundantly in the grey or brown than in the black seeds

(Couerbe) .

Preparation. ] . Powdered stavesacre seeds, made- into a pulp with
a moderate quantity of water, are heated in a water-bath for some days
and pressed while still warm to remove the greater part of the fat, by
which process but little delphinine is lost, if the quantity of water

employed be not too great. The residual mass, digested with strong
alcohol for six or eight hours and pressed, yields a tincture from
which the alcohol is distilled. There then remains an oily resinous

mass from which the alkaloids are separated by treating it with weak
hydrochloric acid, precipitating the filtrate with ammonia, washing, and

drying. The mixture of bases thus obtained is treated with ether,
when impure staphisagrine is left in the form of a brown resin, whilst
the delphinine is dissolved. The latter body is recovered by evapora-
ting the solution, dissolving the residue in hydrochloric acid, precipi-

tating with ammonia, washing, drying, again dissolving in ether, and

evaporating (J. Erdmann).

2. An extract of the seeds, prepared with boiling alcohol, is boiled

with water containing sulphuric acid; the solution, separated from
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fat, is precipitated with caustic potash or ammonia; and the precipitate
is dissolved in boiling alcohol, decolorised by animal charcoal, and

evaporated. The residue is a mixture of delphinine, staphisag'rine, and

resin, which is dissolved in dilute sulphuric acid, and freed from resin

by dropping into it moderately strong nitric acid. After standing 24

hours, the liquid is decanted and precipitated with caustic potash ;
the

precipitate is dissolved in alcohol
;
the solution is evaporated ;

and the

residue is treated first with boiling water, to remove a little saltpetre,
and then with ether to separate the delphinine and staphisag'iine

(Couerbe).

Kukla (Zeitschr. Phys. v. W. 5, 339) boils bruised stavesacre seeds with, very
weak sulphuric acid ; precipitates the decoction with ammonia ; dries the precipi-
tate and exhausts it with alcohol ; distils off the alcohol ; evaporates the residue to

the consistence of honey ; and shakes it with ether. On evaporating the ether, the

delphinine remains as a white resin. In. the processes of Brandes, Lassaigne and

Feneulle, and Henry, the separation of staphisagrine is not provided for.

Properties. Delphinine forms an amorphous white mass, of per-
sistent bitter taste, strongly alkaline in solution (Erdmann, Couerbe).

According to Couerbe, it melts at 120 Concerning the detection of delphi-
nine under the microscope, see Erhard (N. Jahrb. Pharm, 25, 286).

48 C
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insoluble in excess of the precipitant. Phosphate of soda gives with the

hydrochlorate a precipitate which is pulverulent in strong and gelatinous in weak
solutions (v. Planta).

When exposed to a current of hydrochloric acid gas 100 parts of

delphinine take up 17*52 parts of the acid (Couerbe).

Hydrochlorate of delphinine gives with iodide of potassium a

yellowish-white precipitate (v. Planta) ; with phosphomolybdic acid a

greyish-yellow (Sormenschein), with idomercurate ofpotassium a yellow-
ish precipitate, insoluble in hydrochloric acid ; with mercuric chloride a

white pulverulent precipitate (v. Planta).

Chloroplatinate of Delphinine. Chloride of platinum throws down
from hydrochlorate of delphinine a dense yellow powder, easily soluble

in hydrochloric acid (v. Planta). Faint yellow precipitate, nearly
white when dry, insoluble in water, alcohol, and ether (Erdmann).

at 100. Erdmann.

48 C
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Primary Nucleus C^H40
; Oxygen-nucleus C48H38 2

.

Kinovic Acid.

HLASIWETZ. Ann. Pharm. Ill, 182.

DE Vmj. N. J. Pharm. 37, 255.

Occurs together with kinovin in the East Indian cinchona trees

(D. Vrij) ; also in the root of Potentilia Tormentilla (Rembold, Ann.
Pharm. 145, 5). It is formed together with kiuova-sugar (xv, 345)
on boiling kinovin with alcoholic hydrochloric acid :

C6oH48 i6 + 2HO = C^H-sQ8 + C12H12 10
(masiwetz).

Preparation.- 1. Dry hydrochloric acid gas is passed into a solu-

tion of kiuovin in strong alcohol, whereupon the liquid becomes hot
and deposits a white crystalline powder, which is purified by washing
it with weak spirit and recrystallising from a large quantity of boiling
alcohol. The mother-liquors yield a further quantity after distilling
off the alcohol (Hlasiwetz).

f According to Rochleder (Wien. Acad. Ber. 56, 2 AUh. 97;
Jahresb. 1867, 749) kinovic acid is produced by treating kiuovin with
sodium amalgam and alcohol. The kinovin then dissolves (with the

exception of a few flocks of a brownish waxy substance), forming a

brownish liquid, which on evaporation leaves crystalline kinovate of

soda. The pure salt separated from the mother-liquor, and decomposed
in alcoholic solution with hydrochloric acid, yields pure kinovic acid.

2. Tormentil root is twice exhausted by boiling with thin milk of

lime, the filtrate is acidulated, the washed precipitate boiled with

baryta-water, the filtered solution again precipitated with hydrochloric

acid, the washed precipitate dissolved in a large quantity of hot

alcohol, and the reddish solution decolorized with animal charcoal.

On distilling off part of the alcohol, pure kiuovic acid separates as a

colourless sandy crystalline powder (Rembold).^[

Properties. Dazzling-white loose crystalline powder, consisting,

according to Grailich, of microscopic six-sided laminae of the right

prismatic system. Tasteless (Hlasiwetz). In ammoniacal solution it

exerts aright-handed action on polarised light, [a] j
= 76'5 (De Vrij).

It does not lose weight at 140 after drying at 100 (Hlasiwetz).

Hlasiwetz.

48 C
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vapours smelling like incense, and burns with flame. 2. Submitted to

dry distillation it yields a thin oil, smelling
1 of turpentine, then an odour

of incense, and an amber-yellow thick resinous distillate. 3. Iri

contact with pentacldoride ofphosphorus, it becomes fluid, evolves hydro-
chloric acid, and at the temperature of 110 yields a distillate of

chlorophosphoric acid, the residue turning thick and violet. The
violet mass is decomposed by alcohol, and on addition of water throws
down coloured kinovic acid

; it froths up when heated, evolving acid

vapours, and leaves charcoal. 4. Kinovic acid is scarcely affected by
hydrochloric acid, or by boiling nitric acid (Hlasiwetz).

Combinations. Kinovic acid is quite insoluble in water. It dis-
solves in oil of vitriol, and is precipitated from the solution unaltered

by water (Hlasiwetz). The solution, the formation of which is attended

by a slight evolution of gas, is at first brown, afterwards red (De Vrij).
-Kinovic acid forms with bases, bi-acid salts having the general
formula C 48H33M2 8

. It dissolves in aqueous ammonia, and in caustic
alkalis and their carbonates, expelling carbonic acid from the latter

(Hlasiwetz).

Ammonia-salt. The solution loses ammonia when evaporated, and
dries up to a varnish.

Potash-salt. Strong potash-ley throws down from a strong
aqueous solution of the ammonia-salt a pasty mass, which is to be
pressed till it appears dry and friable. The salt is also deposited in

the form of a jelly on boiling a solution of the acid in dilute caustic

potash. It gives off its water with difficulty, at about 160 only, and
is coloured by a stronger heat (Hlasiwetz).

at 160. Hlasiwetz.

48 C 288 58-37
"

58'11
39 H 39 7-91 7'80
9O 72 14-59 14-99
2 KO 94-4 19-13 19'10

C48H36K2O8 + 3 aq 493.4 100-00 100-00

Baryta- strontia-) and lime-salts are obtained by double decompo-
sition, and are deposited from dilute solutions after standing for some
time, and from strong or hot solutions in the form of jellies.

Copper-salt. Obtained by precipitating the ammonia salt with

sulphate of copper. Bright-blue precipitate containing, after drying at

120, 34-71 p. c. C., and 37-38 CuO, agreeing approximately with the
formula OH36Cu2 8 + 6(CuO,HO) + 10 aq. (calc. 34-54 p. c C., 38-09

CuO).

Silver-salt. The ammonia-salt throws down from nitrate of silver

a copious precipitate, which must be washed in the dark and dried first

in a vacuum, afterwards at 120. In the moist state it blackens very
rapidly on exposure to light.

at 120. Hlasiwetz.

48 C 288 47-68 47'56
36 H 36 5'96 6'35

2Ag 216 35-76 35'33
8O 64 1060 10-76

.... 604 100-00 lOO'OO
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Kinovic acid dissolves very slightly in cold, and rather more freely
in boiling alcohol. It is very sparingly soluble in ether (Hlasiwetz),
and insoluble in chloroform (De Vrij).

Glucoside of Kinovic Acid.

Kinovin.

= C 12H 12Olo
,C

49H38Ofl

.

PELLETIER AND CAVENTOU (1821). J. Pliarm. 7, 112
; N. Tr. 6, 1, 90.

F. L. WINCKLER. Eepert. 49, 116. Further 51, 193. 75, 293.

81, 42, 51, and 332. 91, 314. Repert. (3) 4, 206.

L. A. BUCHNER. Repert. 53, 1
; Ann. Pliarm. 17, 161.

PETERSEN. Ann. Pliarm. 17, 164.

SCHNKDERMANN. Ann. Pharm. 45, 277 ; Repert. 81, 45
;
J. pr. Chem.

28, 327.

HLASIWETZ. Wien. Acad. Ber. 6, 278; Ann. Pharm. 79, 145; J. pr.
Chem. 55, 411 ; Chem. Gaz. 1851, 421 and 441 ; Kopp's Jahresler.

1851, 413. Wien. Acad. Ber. 35, 503; Ann. Pharm. Ill, 182;
J.pr. Chem. 78, 104; N. Ann. Chim. Phi/s. 57, 360; Kopp's Jahres-

ler. 1859, 578.

K. SCHWARZ. Wien. Acad. Ber. 7, 247 ; J. pr. Chem. 56, 76 ; abstr.

Ann. Pharm. 80, 330 ; Pharm. Centr. 1852, 193 ; Kopp's Jahresler.

1851, 411.

DE VRIJ. N. J. Pharm. 37, 255 ;
N. Repert. 9, 303 ; N. Jahrl. Pharm.

14, 251 ; Pharm. Viertelj. 14, 221 and 231 ; Phann. J. Trans. 5, 593
and 6, 18; Kopp's Jahresler. 1859, 578.

Kinovic acid, Kinova bitter, Acide Kinomque. Discovered by Pelletier and
Caventou ; investigated chiefly by Hlasiwetz. Buchner, jun., regarded kinovin

as identical with pariglin (xvi. 99), which view was controverted by Petersen,

Winckler, and Schnedermann. Kinovin agrees in many respects with chiococcic

acid, and was formerly regarded as identical with that body by Hlasiwetz ( Wien.

Acad. Ber. 6, 278), who now, however, doubts the identity (Ann. Pharm. Ill, 182).
Naucleic acid, discovered by Bernelot-Moens in Batavia, is, according to De Trij,

identical with kinovin.

Source. In the bark of China nova (Pelletier and Caventou

Winckler). Also in the true cinchona-barks (Wiuckler), especially in

the following : China Huamalies, C. flava dura, C. nova flava, C. Jiio de

Janeiro, C. alba, C. de Maraeaibo, C. Piton s* St. Lucice, and in the

closely allied Cortex Esenleckiaz felrifugw, in the red or dark Parachina

(Winckler). In China regia (Schwarz) and C. fusca (Hlasiwetz, Winck-

ler). In the cinchona barks of the lies des Lagos in Upper Guiana

(Klote-Nortier, 'N. Br. Arch. 93, 25).
All parts of the cultivated East Indian cinchona trees contain kin-

ovin and kinovic acid. Cinchona Calysaya contains in the wood of the

root 2-57 p. c., in the bark of the root 1*08, in the wood of the trunk

1-80, in the bark of the trunk 0-36, in the bark of the branches 0-68, in

the twigs 0-85, in the leaves 0-23 p. c. of the two substances.

According to Winckler (Pharm. Centr. 1851, 703) Secale cornutum

contains kinovin.



KINOVIN. 27

Preparation. 1. A decoction of kinova bark, obtained by repeatedly

boiling the bark with water and one-tenth its weight of hydrate of

lime, is mixed with excess of hydrochloric acid ;
the precipitate thus

formed is collected, washed with cold water, and dissolved in warm
aqueous ammonia [or in milk of lime (Hlasiwetz)] ; the dark solution

is digested witli animal charcoal, and filtered
;
the filtrate is again pre-

cipitated with hydrochloric acid
;

the precipitate is washed, dried, tri-

turated, and dissolved in 90 p. c. alcohol, and the solution is decolorized

by animal charcoal and evaporated (Winckler). It is better to employ
bark which has been previously exhausted with water, and thereby freed from the

greater part of the kinova red contained in it (Hlasiwetz). Kinovin thus obtained

contracts into a tough mass when treated with weak spirit, owing to the presence of

a foreign substance, to remove which Schnedermann shakes it with warm alcohol of

60 to 65, and precipitates the nitrate with boiling water, repeating this operation
till the product is perfectly pure.

2. An alcoholic extract of kinova bark is precipitated with neutral

acetate of lead ; the filtrate is freed from excess of lead by hydrosul-

phuric acid ; the greater part of the alcohol is distilled off, and the

residue is poured into water, whereupon kinovin is precipitated and

may be purified as in 1 (Hlasiwetz).

3. Powdered cinchona-bark is treated with cold very weak soda-

ley ;
the extract is precipitated with hydrochloric acid ;

the precipitate
is dissolved in milk of lime, to separate red colouring matter, arid the

filtrate is precipitated, while still hot, with hydrochloric acid. The

precipitate is purified by repeated solution in milk of lime, and precipi-
tation by hydrochloric acid. It is a mixture of kinovin and kinovie

acid, the former of which is dissolved by chloroform (De Vrij).

Pelletier and Caventou dissolve the alcoholic extract of kinova bark in water ;

agitate the solution with magnesia, and precipitate the filtrate -with an acid. A
similar process is employed by Winckler, who obtains a further quantity of kinovin

from the residue left on treating the alcoholic extract with water, by mixing it with

animal charcoal, exhausting with ether, and evaporating. Winckler exhausts with

ether the bark of Esenbeckia febrifuga (to which the first method is not applicable),
decolorises the ethereal solution with animal charcoal, and evaporates, when kinovin

remains. He further treats the residual bark with 96 p. c. alcohol, shakes the

tincture with lime, evaporates the filtrate, and agitates the residue with ether,

which takes up kinovin. The" whole of the kinovin thus obtained requires further

purification.

Properties. Kinovin forms an amorphous, nearly transparent resin,

triturable to a light, white powder. The earlier statements as to the crystal-
lisation of kinovin, and probably also those of Winckler (Jahrb. pr. Pharm. 18, 379),
seem to refer to kinovic acid. Inodorous, or smells faintly balsamic when
warmed. Tasteless at first, but afterwards very persistently and dis-

agreeably bitter and acrid. Neutral. Electric when rubbed (Winckler,

Hlasiwetz). In alcoholic solution it exerts a dextro-rotatorj" action on

polarised light; [] j
= 52-4 (De Vrij).

Kinovin may be obtained in the anhydrous state by keeping it

in a vacuum for a month, but cannot be dehydrated at once, even at a

temperature of 190: kinovin dried at 100 to 140 contains from 1 to

2 atoms of water, which is given off at 160 to 180 (Hlasiwetz).
According to Buchner, kinovin dried in a vacuum loses 8'53 p. c. of water at 120,
and according to Schnedermann no more before undergoing decomposition.
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.

60 C.
48 H
16 O.

360
48
128

Calculations according to Hlasiwetz.
b.

60 C . , 360 . 68-3167-16
8-95

23-89
47 H
15 O

47
120

8-91

2278

538 100-00 HO.... 527 100-00

60 C..

46 H
14 O

c.

360
46

112

69-49
8-88

21-63

CH48O 16-2 HO 518

Schneder-

100-00
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Combinations. Kinovin is nearly insoluble in cold, and but little

soluble in boiling water (Buchncr). The solution froths strongly when
shaken (Buchner). It is insoluble in dilute acids (Winckler) ; not more soluble

in dilute hydrochloric acid tlmn in water (Schnedermann).
Kinovin combines with bases (Winckler and others). Its combina-

tions with ammonia, the alkalis, and magnesia [formerly, up to the inves-

tigation of Hlasiwetz (Ann. Pharm. Ill, 182) described as salts of kinovic acid]

taste very bitter, dissolve very easily in water arid alcohol, have a

faint alkaline reaction, and are decomposed by acids, including carbonic

acid, with separation of kinoviri (Schnedermann).
The solution of kinovin in aqueous ammonia leaves kinovin free

from ammonia on evaporation. The easily formed solution in potash-ley
leaves a pale-yellow amorphous mass (Schnedermann). The baryta-

compound is soluble in alcohol and ether (Pelletier & Caventou).

Kinovin and Lime. Occurs in kinova bark (Hlasiwetz). Lime-water
or milk of lime dissolves kinovin easily ( Winckler) ;

on evapo-
rating the solution, there remains a flocculent mass, the strong

aqueous solution of which turns pasty when heated, and recovers its

clearness and mobility on cooling (Schnedermann).

Kinovin and Magnesia. Obtained by boiling kinovin with magnesia
and water. On evaporating the solution, it collects on the surface of

the liquid in the form of a colourless pellicle, having- a fatty lustre, and
is ultimately left in light white spangles. Very bitter (Schnedermann).
Dissolves easily in alcohol and ether (Pelletier & Caventou).

Kinovin and Lead-oxide. An alcoholic solution of kinovin evaporated

repeatedly over oxide of lead, leaves a residue, which is for the most part taken up
again by alcohol (Schnedermann). Alcoholic kinovin throws down from an
alcoholic solution of neutral acetate of lead, a white precipitate which

partially disappears on agitation. After a time another precipitate

appears in abundance, the liquid becoming pasty, or with stronger
solutions solidifying to a jelly. The first precipitate appears to be a

compound of kinovin and lead-oxide, the second (some of which is

always mixed with the first, even when the liquid is filtered rapidly)
contains also acetate of lead (Schnedermann).

Schnedermann.
With two atoms of lead oxide. mean.

60 C 360 47-37 46'38
48 H 48 6-31 6"04
16 O 128 16-84 16-83
2PbO 224 29-48 3075

C>H48O 16,2PbO .... 760 100-00 100-00

According to Schnedermann, 2(C
38H29O9

,PbO) + C4H3PbO4
.

Aqueous kinovin-magnesia does not precipitate salts of iron (Pelle-
tier & Caventou).

Kinovin and Copper-oxide. Aqueous kinovin-magnesia does not

precipitate cupric salts (Pelletier & Caventou), or only strong
solutions (Schnedermann). Alcoholic kinovin precipitated with an

aqueous solution of acetate of copper previously mixed with alcohol,
forms a pale-blue compound, soluble in a large excess of alco-

Jiolic kinovin. It contains 10-77 p. c. of cupric oxide, but is paler
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in colour and less rich in copper, when the acetate of copper contains
free acetic acid, or when the alcoholic solution is too weak (Schneder-
mann).

Selmedermaim.
Two-ihirds Kinovin-copper-oxide. at 100. mean.

120 C 720 61-32 61-44
94 H 94 8-00 8'00
30 O 24O 20-44 19'79
3 CuO 120 10-24 10-77

2C60H4'O15,3CuO 1174 10000 lOO'OO

According to Sclinedermann, C^H^O3
, CuO.

Kinovin and Silver-oxide. According to Sclmedermann, aqueous
kinovin-magnesia precipitates silver salts, but according to Pelletier

& Caventou it does not. Kinovin-lime throws down from silver salts

a white jelly (Winckler). By precipitating kinovin-ammonia with
nitrate of silver a white precipitate is obtained, which turns brown-
black on drying (Schnedermann).

The magnesia-compound precipitates cinchonine salts (Pelletier &
Caventou).

Kinovin dissolves freely in alcohol, from which it is precipitated by
icater (Pelletier & Caventou). It is less freely soluble in ether

(Winckler) ; dissolves also infixed and volatile oils, especially when warm
(Buchner).

Oxygen-nucleus C48!!3
'*)

4
.

Dyslysin.

C48H36 6 = C48H3G 4
,0

3
.

BERZELIUS. Ann. Pharm. 33, 139.

THEYER & SCHLOSSER. Ann. Pharm. 50, 244.

STRECKER. Ann. Pharm. 67, 29; 70, 149

MULDER. Scheik. Onderz. 5, 1.

HOPPE-SEYLER. J. pr. Chem. 89, 83.

The ultimate product obtained by the prolonged boiling of bile with

hydrochloric acid, the cholic acid (choloidic acid) formed by the breaking
up of taurocholic and glycocholic acids, losing 4 atoms of water to form

dyslysin. Formed also by heating cholic acid to 195 200 (Hoppe-
Soyler), to 300 (Strecker).

Bile, dissolved in a small quantity of water, is boiled for a day with

strong hydrochloric acid ; the resin thereby separated is treated with

boiling water, which takes up only a small quantity if the action of the

hydrochloric acid has been sufficiently prolonged ; the residue is boiled

with absolute alcohol ;
and the precipitate which forms on cooling is

added to the undissolved portion. A further quantity of dyslysin may
be obtained by^Bvaporating the wash- waters and alcohol to dryness, and

again boiling the residue with hydrochloric acid. The whole of the

dyslysin thus obtained is dissolved in ether, and the solution is filtered

and evaporated (Theyer & Schlosser). Strecker boils glycocholic aci4
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with hydrochloric acid, until the fluid resin first formed becomes hard
and friable, exhausts it with boiling water and alcohol, dissolves in

ether, and precipitates with alcohol. When the mass obtained by
heating cholic acid to 200 is powdered and exhausted with soda-ley,

dyslysin remains, and may be purified by washing with water and
alcohol (Iloppe-Seyler).

Properties. White earthy mass (Berzelius), often coloured yellow
or grey. Tasteless. Melts at 14(V (Theyer & Schlosser).

48 C



32 PRIMARY NUCLEUS C48H44
; OXYGEN-NUCLEUS C48!!38^.

48 C



BODIES OBTAINED FROM SEEDS OF HORSE-CHESTNUTS. 33

12HO = C43H38O3 T 2C12H12 10 + 2C12H12O 13 + 2C6H04
.

Argyraescin. Aescigenin. Mannitan. Sugar. Propionic acid.

10HO = C4?H38O3 + 2C 12H12 10 + 2C12H12O12 + C8H8O4
.

Aphrodaescin. Aescigenin. Mannitan. Sugar. Butyric acid.

The following intermediate compounds are also formed by the com-
bination of aescigenin with one or more of the other products of decom-

position, the differences in the compounds depending
1

upon the nature
or the intensity of the action of the decomposing agent.

If P denote an atom of propionic acid, B an atom of butyric acid,
M an atom of mannitau (C

121112 10
), S an atom of sugar (C

12H13 12
),
and

Ae an atom of aescigenin, the relations of these intermediate bodies

may be expressed thus :

1. Ae + 2P = C60II*0 16

(Bipropaescigenin). Obtained on one
occasion by treating argyraescin with hydrochloric acid and alcohol,
and precipitating the solution with water.

at 100. Kochleder.

60 C ................ 360 ............ 66-92 ............ 66'74
50 H ................ 50 ............ 9-29 ............ 9'34

16 O .. 128 ...... 23-79 ....... 23-92

C60H5oO i6 538 loo-OO 100-00

2. Ae + M 3HO = C60H47

p
15

(Aescigenitan). This body was

precipitated by water from a solution obtained by treating argyraescin
with potash-ley, precipitating with sulphuric acid, dissolving the pre-

cipitate in alcohol, and treating the solution for a short time with

hydrochloric acid gas.

60 C
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was obtained by heating aphrodescin-baryta for some time with alcohol
and hydrochloric acid, and precipitating with water.

68 C
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liquid when cool is precipitated with water, and the pale-yellow flocks

thus obtained are collected, washed, and dissolved in alcohol. From
this solution water throws down first yellowish, afterwards white

argyraescetin, the latter of which only is collected. After washing
with water it is dried in a vacuum over oil of vitriol, and afterwards at

100 120.

White, chalk-like amorphous powder, electric when rubbed, and

melting to a thick oil when heated. ,

Rochleder.
Dried at 100 120. mean.

84 C 504 66-49 66'48
62 H 62 8-18 8'22
24 O 192 25-33 , 25'30

lOO'OO ............ lOO'OO

Rochleder's new formula for this compound is C^H^O12
, requiring 66'67 p. c. C'.,

7'9-J, H., and 25'39 O. (p. 43).

Argyraescetin when strongly heated turns brown, emits an odour of

incense, and burns with a luminous smoky flame.

Combinations. With Water. Argyraescetin dried in a vacuum
over oil of vitriol retains 7 atoms, that dried at 100 retains 3 atoms of

water (Rochleder).

Dried at 100.
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decoction deposits, on cooling, a small quantity of aescinic acid,

amounting to 0*6 grm. from 8 pounds of chestnuts.

2. From the AlcoJwlic extract of the Cotyledons. To prepare this

extract, fresh ripe horse-chestnuts freed from the brown skins and

embryos, are comminuted and digested for a few days with alcohol of

35 Bm. in the cold. The extract is decanted and replaced once or twice

by fresh alcohol, and the mixed tinctures are distilled until the residue

has the consistence of honey. After standing* in a warm place for

some days, a layer of fat collects on the surface, on removing whiofi

the alcoholic extract remains as a brown mass. Before proceeding* to

the further treatment of the extract, the sugar contained in it may be
removed by fermentation, or by evaporating the extract to an unctuous
consistence and kneading it with absolute alcohol.

a. An aqueous solution of the above extract, after being freed from
the alcohol taken up in the process of kneading, is heated with potash-
ley till it solidifies to a jelly from separation of aescmate of potash. It

is then boiled with water and filtered, and the salt which crystallises on

cooling is washed and decomposed with an acid. b. The fermented
solution of the extract, after precipitation with neutral acetate of lead,
is precipitated with the basic acetate ; the precipitate is decomposed
with hydrosulphuric acid under weak spirit ; the filtrate is evaporated
to dryness; and the residue is boiled with potash-ley and a little

alcohol. The aescmate of potash thereby separated is heated with
alcoholic acetic acid and mixed with water, whereupon aescinic acid is

deposited.
Aescinic acid is also obtained in the preparation of argyraescin.

Properties. Amorphous colourless mass, easily triturable to a white

powder. The acid, dried at 100 and afterwards boiled with a quantity
of alcohol of 40 B. insufficient to dissolve it, is converted into a crys-
talline powder : the solution likewise deposits crystalline acid on

evaporation. The acid dried at 115 loses atom of water at 130

(by calc. 0'44 p. c.).

Rochleder, Scliwarz, and Kavalier.

a. b. c. d.

96 C
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The acid dissolves slightly in cold and more easily in hot water.

The aqueous solution is converted into a jelly by caustic potash.

Aescinate of Potash. White silky needles, sparingly soluble in

water. The salt loses its easy solubility in warm alcohol by drying,
even at ordinary temperatures.

Rochleder.
a,

960 576 54-23 53'84 53'28
79 H 79 7-44 7'55 7'53
45 360 33-90 33'92 34'72
KO 47-1 4-43 4-69 4'47

96B79KO46 1062-1 100-00 lOO'OO lOO'OO

Schwarz and Kavalier.

b. c. d. e.

96 C 53-31 54-15 54'47 52-71

79 H* 7-60 7-67 7'59 7'49

45 34-52 33-73 33'49 33'07
KO 4-57 4-45 4-45 673

O9GH79KO46 100-00 100-00 lOO'OO lOO'OO

The analyses a to d are in mean numbers. Kochleder gives the above formula

for c [dried at 110 in a vacuum (?)], and considers the differences in the composi-
tion of a, b, and d to be due to varying amounts of water : b dried at 100, is said to

contain 2 at. ; a, dried at 117, 1 at. more ; d, dried at 120, 1 at. less than c.

Eochleder's formula for e is 2 C96H79KO46
, KO, HO. According to the new formula

of aescinic acid, this potash salt consists of C96H' 9 4
7,KO, or C 43H39K024

,

C43H40O24
.

Aescinate of Baryta. Obtained from the potash-salt and chloride

of barium.
Dried at 128. Rochleder.

96 C 576 48-93 48'99

80 H 80 6-80 7-00

46 368 31-26 31'21

2BaO 153-2 13'01 12'80

C96jsoO4G,2BaO 1177-2 100*00 lOO'OO

The new formula is C4sH3 Ba024
, requiring 49 01 p. c. C., 6 64 H., 31'31 O., and

130iBaO.

Aescinate of Lead. Obtained from solutions in weak spirit of the

potash-salt and neutral acetate of lead. White amorphous jelly.

at 100. Kavalier.

288 C 1728 41-25 41'16

240 H 240 5-73

138 O ... 1104 26-35 26'66

IQPbQ 1117-4 26-67 26'29

SC^H^O^lOPbO .... 4189*4 lOO'OO lOO'OO

Amorphous aescinic acid dissolves easily in alcohol when freshly

precipitated, but not after drying. It is precipitated in the amorphous
state from its alcoholic solution by ether.
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e. Propaescinic acid.

Cio*H82 46 _ C48H 36 6
,2C

18H10 8
,20

12H10 10
,C

6H8 9,HO.

ROCHLEDER. Wien. Acad. Ber. 45, 675; J.pr. Chem. 87, 9.

Not named by Kochleder. Occurs in the cotyledons of the horse-chestnut.

For its formation see page 34.

When argyraescin is dissolved in potash-ley of sp. gr. 1'27, and
the solution is heated over the water-bath until the jelly first formed
is liquefied, the liquid, on cooling, solidifies to a crystalline pulp of prop-
aescinate of potash. The crystals are purified by pressure and

recryStall isation from hot alcohol. The propaescinic acid obtained in

the preparation of argyraescin is powdered and boiled with absolute alcohol, which
dissolves it slowly and deposits brown flocks on cooling. These brown flocks are rt -

dissolved with the exception of a slight brown residue, in hot absolute alcohol, and
the whole of the alcoholic liquids are precipitated with strongly cooled ether. The

precipitate is washed with ether and purified by repeatedly dissolving it in ai "ohol

and precipitating with ether.

Kochleder.

Dried at 130. a. b.

mean.

102 C
82 H
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Compare Bochleder's former views, xvi, 88 a. On capsulaescinic acid from horse-
chestnuts sec xvi, 151

; on aesculin, xvi, 19
; on fraxin, xvi, 279.

Source. In the cotyledons of the horse-chestnut, in small quantity
in the ripe, and somewhat more abundantly in the fully formed but
still unripe fruit.

Preparation. 1. From the alcoholic extract of the cotyledons (p. 36).
The extract is shaken up with moist hydrate of alumina, left to

stand for 12 hours, and filtered ; the filtrate is heated with neutral

acetate of lead over the water-bath ; and the precipitate thereby formed
is collected and dissolved in absolute alcohol. The solution, treated
with hydrosulphuric acid, filtered, and evaporated, leaves an amorphous
residue

; and the sulphide of lead, digested with alcohol of 35 B. gives
up argyraescin, which crystallises on evaporation. The solution of

the lead- compound of argyraescin in absolute alcohol may also be
mixed with a large quantity of water and decomposed by hydrosul-
phuric acid, as above. The liquid precipitated by neutral acetate of

lead gives with the basic acetate a precipitate which yields a little

more argyraescin.

2. An extract of the cotyledons, prepared with hot alcohol of 35,
is precipitated with alcoholic neutral acetate of lead, and the resulting"

plaster-like precipitate is removed. The liquid is then precipitated
with basic acetate of lead, and this second precipitate is also removed.
The filtrate throws down, on addition of small quantities of water, a

precipitate which is to be rejected so long as it cakes together, and
collected only when it becomes flocculeiit. After washing with water,
the precipitate is decomposed with hydrosulphuric acid under weak
alcohol ; the filtrate is precipitated afresh with basic acetate of lead

and a large quantity of water ; and the precipitate is again decomposed
with hydrosulphuric acid under alcohol. In this way most of the

yellow colouring matter is got rid of, and a filtrate is obtained which
leaves amorphous argyraescin on evaporation in a vacuum.

Amongst Rochleder's other modes of preparation occur the fol-

lowing :

a. An aqueous solution of the extract of horse-chestnuts yields
with basic acetate of lead a precipitate of aphrodaescin, argyraescin,
and propaescinic acid. On decomposing the precipitate with hydro -

sulphuric acid under alcohol, and evaporating the filtrate, the pro-

paescinic acid is deposited on cooling, whilst aphrodaescin and

argyraescin remain in solution. When the precipitate produced by
basic acetate of lead is dissolved in cold dilute acetic acid and filtered,

and small quantities of alcohol are added, a jelly is thrown down,
which when dissolved in alcohol, yields argyraescin-lead by precipita-
tion with basic acetate of lead and water. The liquid filtered from the

jelly gives with basic acetate of lead and a large quantity of water

aphrodaescin-lead and propaescinate of lead, which may be separated
as above.

b. Neutral acetate of lead throws down from an aqueous solution of

the extract of horse-chestnuts chiefly citric acid ;
but if a little alcohol

be added, the
precipitate

formed on warming contains also argyraescin
and aphrodaescin, which dissolve on treating the precipitate with
alcohol and acetic acid in succession, whilst citrate of lead remains un-
dissolverl. On one occasion the precipitate formed by neutral acetate
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of lead contained also argyraescin. The filtrate from the precipitate
formed by the neutral acetate gives with the basic acetate a precipitate
of argyraesciu, aphrodaescin, aescinic acid, and the colouring matter
which yields quercetin with acids.

c. On mixing a solution of the extract in a large quantity of water
with neutral acetate of lead, removing the precipitate, adding to the
filtrate basic acetate of lead mixed with an equal volume of alcohol of
35 B., and washing the precipitate thereby formed with hot alcohol,
the portion remaining undissolved (a) contains aphrodaescin-lead and
the colouring matter which yields quercetin, whilst argyraescin,
aphrodaescin, and propaescinic acid remain in solution, and may be

precipitated by water (precipitate /3).
a is decomposed by hydro-

sulphuric acid under weak alcohol ; the filtrate is evaporated ; the
residue is dissolved in water, and the solution shaken with crystals
of hydrate of baryta, whereupon aphrodaescin-baryta is thrown
clown. (3 is decomposed by hydrosulphuric acid under alcohol

; and
the filtrate is evaporated to crystallisation, whereupon the argyraescin
separates. On evaporating the mother-liquor and mixing the residue

with cold water, a little more argyraescin remains undissolved. If

the solution be again evaporated, and the residue mixed with hot

water, the solution becomes turbid and deposits propaescinic acid in

the form of a jelly, whilst the filtrate yields aphrodaescin-baryta on
addition of baryta.

Properties. See hydrated argyraescin. This body is rendered anhy-
drous by exposure to a temperature of 130 in a current of carbonic
acid.

Rochleder.
Dried at 130. mean.

108 C
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of sugar (calc. for C 108!!8^48 = C 8iH62 24
4- 2C 13H12 1>

requires 31-94 and
31-44 parts).

4. A solution of argyraescin in aqueous alkalis (in which it dis-

solves abundantly) becomes thick and viscid on warming and solidifies

to a colourless jelly, which when further heated again turns fluid. The

products of the reaction are either 2 atoms of propionic acid and 1

atom of aesciriic acid, of an intermediate product of 1 atom of pro-

pionic acid and 1 atom of propaescinic acid, according to the strength
of the alkali employed and the duration of the action. Traces of

butyric and formic acids are also produced.

Combinations. With Water. a. Monohydmted Argyraescin. Ob-
tained from weak spirit in microscopic crystals, which under a magni-
fying power of 420 diameters, appear as transparent six-sided tables,
and dry up to a silky pellicle on the filter. On evaporating a solution

in water or in absolute alcohol, it remains in the form of a colourless

transparent gum, which contains 1 atom of water after drying at

100.
Eoclileder.

Dried at 100. mean.
a. b.

108 C
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and the aphrodaescin thereby precipitated is washed and purified by
dissolving it in absolute alcohol ;

or it is decomposed with alcoholic

hydrochloric acid, and the aphrodaescin is purified by precipitating the

alcoholic solution with ether. It must be dried in a current of car-

bonic acid.

Properties. Colourless amorphous mass. The dust excites violent

sneezing.
Kochleder.

Dried at 120 and 130. a. b.

104 C 624 57-99 5777 57'64

84 H 84 7-81 8'03 7'95

46 O 368 34-20 34-20 34'41

C^H^O46
.... 1076 100-00 100-00 lOO'OO

Rochleder supposes & dried at 120 to contain 1 atom of water. The new for-

mula for this compound is C^H^O4? = C104H82O46 + HO, requiring 57'62 p. c. C.,

7-66 H., and 3472 O. (p. 43).

Aphrodaescin heated with aqueous alkalis breaks up into butyric-
acid and aescinic acid :

Cio4j84O4c + 4HO = C^EW6 + C8H8 4
.

The decomposition resembles that of argyraescin. It deposits a

flocculent jelly when heated with aqueous hydrochloric acid.

Aphrodaescin dissolves easily in water, forming a solution which
froths strongly.

Baryta-salt. Baryta-water throws down from aqueous aphro-
daescin a precipitate which dissolves very slightly in excess of baryta-
water. White crystals, soiuble in warm alcohol. The solution is

precipitated by water. When boiled with a quantity of alcohol of

40 B., not sufficient for complete solution, the undissolved portion
melts.

Rochleder. Rochleder.
at 100. mean. at 130. mean.

104 C 52-50 52-46 104 C 54'56 54'47

87 H 7-40 7'29 83 H 7'26 7'17
50 33-66 33-67 45 O 31'48 31'94

BaO 6-44 6"58 BaO 670 6'42

C io4H83C45
)BaOj4HO.... 100-00 100-00 C^H^O^BaO 100-00 lOO'OO

The new formula of this salt is C104H81BaO46
,
or C' 04H81O45

,.BaO.

Aphrodaescin dissolves in alcohol more easily than saponiu.

f According to the most recent researches of Rochleder (Wien.
Acad. Ber. 55, [2], 819 ; J.pr. Chem. 101, 415 ; abstr. Kopp's Jahresb.

1867, 750), the constituents of horse-chestnut seeds form a series

analogous to the glycol series, and having for its first term a diatomic

alcohol, aescigtycol, analogous to glycol, thus :
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G-lycol . C4H6 4
Aesciglycol................ C 14H 10 4

aiycolal ................ C4H4 4
Aesciglycolal ............ C 14H8O4

Glycollic acid ........ C4H4 6
AesciglycoUic acid.... C14H8 6

G-lyoxal .................... C 4H2 4
Aesciglyoxal ............ C14H6O4

Glyoxalic acid ........ C4H2O 6
Aesciglyoxalicacid.... C14H6O6

Oxalic acid ............ C4H2O3 Aescioxalic acid ........ C 14H6 8

Aesciglycol itself is not known ; but aescigcnin, according to the

new formula, C841I20 4
, assigned to it by Rochleder, is homologous

with it. Aesculetin C 18 EI
6 8 may be regarded as biformyl-aesciglyoxal,

CUH4

(C
2H02

)
2 4

. Aesciglyoxalic acid occurs, combined with phloro-

gluciu, as the tannin of the horse-chestnut ; aesciglycollic acid is the

product of the action of sodium amalgam on quercetin ; aescioxalic acid

is produced by the action of alkalis on aesculetin, as also is aescorciu,

C 18H8 8 = C 14H6
(C

2H02

)
2 4

.

The formula C48H38 8
, originally assigned by Rochleder to aescigenin,

rendered it necessary to suppose that the formation of that compound
and sugar from the glucosides, aescinic acid, argyraescin, and aphro-

daescin, was accompanied by the production of mannitan (p. 33).
This substance, however, was never actually obtained, and the new
formulae render the assumption of its formation superfluous, inas-

much as they afford a direct explanation of the resolution of these

glucosides into aescigenin and sugar.

Argyraescin is resolved by acids in aqueous solution into sugar
and argyraescetin ; with potash into propionate and aescinate of

potash :

C54JJ42Q24 = C12H12 12 + C^WO 12

Argyreescin. Sugar. Argyraescetin.

'2KH02 = C6H5KO4 + C48H39K:O24

Argyrsescin. Propionate. Aescinate.

Aescinic acid is resolved by acids into telaescin and sugar; and
telaescin in alcoholic solution is decomposed by hydrochloric acid

into aescigenin and sugar :

C48H40Q24 + H2 2 = C^H^O14 + C12H12 12

Aescinic acid. Telsescin. Sugar.

C36H30Q 14 + H2 2 = C^H^O 4 + C12H12O 12

Telsescin. Aescigenin.

Aoscigenin, treated with chloride of acetyl, is converted into biacetate

of aescigenin and hydrochloric acid :

C24H20Q4 + 2C4H3Q2C1 = 2HC1 + C24H^(C4H3Oa
)
2O 4

.

Aphrodaescin is resolved by potash into butyric and aescinic acids :

C104H82Q46 + 3KH03 = CSH7K04 + 2C4SH39E:024

Aphrodaescin. Butyratc. Aescinate.

The percentage composition of these several compounds calculated

from the new formulae differs but little from that given by the older

formulae (see the preceding pages).

The following compounds are obtained from assculetin (xvi,- 23).
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h, Para-aesculetin.

ROCHLEDER. J. pr. Chem. 90, 433 ; 101, 424.

^Esculetin boiled with solution of bisulphite of soda is converted
into this isomeric modification, which unites with the bisulphite and
on mixing the solution first with a little dilute sulphuric acid and 'then
with alcohol, the compound C 18Hfl 8

,NaHS3 6 + HO is precipitated as
a white crystalline mass. This compound decomposed with an alkaline
carbonate yields paraaesculetin, as an aldehyde-like body, in indistinct
crystals containing C 18H6 8

,5HO.

Dried over oil of vitriol. Kochleder.
180 108 48-43 48'26
11 H 11 4-93 5-17
130 104 46-64 46-57

C18H6 8,5HO 223 lOO'OO lOO'OO

Para-sesculetin is very soluble in water, sparingly soluble in ether,
more easily in alcohol. Exposed in the moist state to awmowa-vapour,
it is converted into sesorcein.

i. Aescioxalic Acid.

CMB?08
.

ROCHLEDER. J. pr. Chem. 101, 121.

Produced, together with formic and oxalic acids, by the action of

boiling concentrated potash-ley on sesculetin. The resulting solution,
which is red at first, soon turns yellowish red, and at the edges dark

green ; if the air has access to the liquid, a small quantity of a
black substance soluble in alcohol is formed at the same time. The
mass supersaturated with sulphuric acid then yields to ether the above-
mentioned acids, and the ethereal solution leaves on evaporation a
brown mass very soluble in water, which reduces sulphate of silver,
even in the cold, with formation of a silver speculum.

Aescioxalic acid is obtained in greater purity by heating gesculetin

for several hours with baryta-water in an atmosphere of hydrogen,
precipitating the baryta first with carbonic, then with dilute sulphuric

acid, and evaporating the light brown filtrate over oil of vitriol. Aesci-
oxalic acid then remains as a white finely crystalline mass, containing
1 at. water (10*4 p. c.), which is given off at 105.

Crystallised. Kochleder. Crystallised. Kochleder.

140 , 84 48-84 48'79 C14H6 8
.... 154 89'54

8H 8 4-65 4-64 2HO 18 10-46 10'3

10 O 80 46-51 46-57

CH6O8
,2HO.... 172 100-00 lOO'OO 172 lOO'OO

Isomeric with protocatechuic acid which . is sometimes formed

simultaneously with it ; distinguished from catechuic acid by the non-
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coloration and non-precipitation of its solution by ferrous sulphate.
With ferric chloride it forms a red-brown solution, changing to purple-
violet when mixed with carbonate of soda.

k. Aescorcein.

c i8Niro10
.

ROCHLEDER. J.pr. Chem. 101, 425.

Produced by the action of ammonia gas on moistened para-sesculetin,
the white compound immediately turning red, then dirty-violet, and after

a few minutes forming a sky-blue liquid, which when left over oil of

vitriol gives off ammonia and turns red again. This red solution gave
with neutral lead acetate a light blue precipitate ; and on washing this

precipitate with water, suspending it in a small quantity of water contain-

ing acetic acid, filtering the red solution from the undissolved substance,

adding alcohol to the filtrate, rejecting the first portions of the result-

ing precipitate, then filtering again, and precipitating completely with

alcohol, a lead-salt was obtained which when dried in a vacuum over
oil of vitriol, yielded 18-29 p. c. C., 1-65 H. and 63-18 PbO, agreeing
nearly with the formula CMN3H24 33

,10PbO or 3(C
18NH7 10

,HO) +
lOPbO, which requires 18-32 p.c. C., 1-65 H., and 63-03 PbO. It gave
off water at 100. Another lead salt prepared in like manner and
dried at 100, yielded by analysis 11-11 p. c. C., 0-92 II., and 78-48 PbO,
agreeing nearly with the formula C I8NH7 10

,7PbO, which requires
10-92 C., 0-71 H., and 78-87 PbO.

These results give for aescorcein the formula C 18NH7 10
. Its forma-

tion is represented by the equation

C18H6O8 + NH3 + O4 = C18NH7O10 + 2HO
Para-sesculetin. Aescorcein.

It has the composition of orcein in which 2 at. H are replaced by
2 at, formyl, that is to say, C 14NH6

(C
2H02

)
2 6

.

1. Aescorcin.

ROCHLEDER. J. pr. Chem. 101, 427.

Formed by the action of sodium amalgam on aesculetin suspended
in water in an atmosphere of carbonic acid :

C18HnO3 + H2 = C 18HSO8
.

It is a white pulverulent body nearly insoluble in neutral and acid

liquids, but dissolving in alkalis with green colour, changing to red in

contact with the air.
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liquid is allowed to cool
; the crystalline pulp is washed with a small

quantity of boiling water, which dissolves chiefly baryta ; and the
residue is decomposed with hydrochloric acid. The mother-liquors and

wash-waters, when treated with carbonic acid, deposit the excess of

baryta, as carbonate, together with a little cholate of baryta, which

may be decomposed by carbonate of ammonia. The cholate of

ammonia thus formed, and the cholate of baryta of the other solu-

tions, are decomposed by hydrochloric acid, whereupon cholic acid

is precipitated, whilst hydrochlorate of glycocoll and chloride of barium
remain in solution (Strecker).

^

2. Ox-gall is boiled with dilute potash-ley, with addition of suffi-

cient water to retain the products in solution, for several days or

so long as ammonia continues to be evolved. The liquid is then
concentrated till the potash-salt is deposited in masses, which are

removed, dissolved in water, and decomposed with dilute sulphuric
acid. The precipitate thus obtained is freed from sulphuric acid by
boiling repeatedly with fresh portions of water, whereby it is rendered

hard, crystalline, and friable ; after which it is washed with ether to

remove colouring matter, dissolved in boiling alcohol, mixed with

enough water to produce turbidity, and left to cool, whereupon cholic

acid crystallises. The coloured crystals are purified by recrystallisa-
tion from alcohol, with addition of water (Theyer & Schlosser) or by
exhaustion with a small quantity of ether (Strecker). Demar^y adopts
a similar process.

When a mixture of glycocholate and taurocholate of soda is heated, first to 100
for 24 hours, and afterwards to 120 for an hour, -with concentrated potash-ley in a
sealed tube, and the contents of the tube are mixed, first with water and a few drops
of ether, and then with hydrochloric acid, cholalic acid is deposited. After washing
the product is quite pure, and corresponds in quantity with the calculated amount
for the substances employed (Hoppe-Seyler).

If dyslysin be boiled for an hour with alcoholic potash, and the alcohol be after-

wards driven off, cholate of potash is deposited in the form of an oil, which subse-

quently solidifies. Hydrochloric acid throws down the cholic acid from an aqueous
solution of the salt (Hoppe-Seyler).

Grorup-Besanez found that bile allowed to putrefy at 12 to 15*, in contact with

air, yielded cholic acid instead of the choloi'dic acid formed at higher temperatures.
The product was isolated by evaporating the decomposed bile, exhausting with
absolute alcohol, evaporating the solution, treating the residue with ether, dissolving
in water, precipitating with acetic acid, and crystallising.

Cholic acid thus obtained is either anhydrous, or combined with
2 or with 5 atoms of water.

Properties. Cholic acid which has not been treated with ether, and
is consequently not quite free from fatty acids, crystallises in anhydrous,
hard, permanent, four- or six-sided prisms with two oblique end-faces,
both of which lie in the same zone with two of the side-faces. The

crystals do not change at 135 in an air-bath, and are recovered

unaltered from a solution in alcohol, in which they dissolve with diffi-

culty. It exerts a dextrorotatory action on polarised light; []D
(determined for Fraunhofer's line D) = 5O2. Has an acid reaction.

Tastes bitter (Demar^ay), sweetish, then pure bitter ; the dust excites

sneezing (Theyer and Schlosser).
The acids with two and with five atoms of water, both become

anhydrous on drying, but at different temperatures (Strecker).
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and 2-4 p. c. more at 140; turns yellow at 145, and melts, at 145 to

150, without undergoing decomposition (Strecker). It dissolves with

difficulty in ether, but more easily in alcohol, the latter solution

quickly depositing crystals containing 5 atoms of water (Hoppe-
Seyler).

Dumas and

Peligot. Strecker.

480 288 67-61 67'2 68'34
42 H 42 9-86 9'7 10-00

12 O 96 22-53 23'1 21'66

C48H40O 10 + 2aq 426 lOO'OO lOO'O lOO'OO

0. With 5 atoms of Water. Obtained by dissolving in alcohol the

crystals deposited from ether, and evaporating (Hoppe-Seyler). Brittle,

colourless glassy tetrahedrons, or quadratic octahedrons, which
effloresce and become opaque in dry air. The crystals obtained from

boiling alcohol belong to the square prismatic system. They are either

octahedrons with the obtuse lateral summits truncated (fig. 29, but

with the ^-faces much smaller, so that the lateral edges of the

octahedron are still partly developed), e:e = HQ 14' ; e : e" = 96 40'
;

or they are the tetrahedrons derived from the octahedrons, in which
the <?-faces appear as truncations of the zig-zag edges. The angle
between these edges = 63 46' (Kopp, Ann. Pharm. 67, 5). Kobell

(Ann. Pharm. 59, 143) found the same octahedrons and determined the

angles as approximately 117 and 95 30'.

This acid loses at 100 the whole of its water, amounting on the

average to 9*9 p. c (5 at. = 9*94 p. c. HO), and suffers no further

change at 170 (Strecker). It rotates a ray of polarised light to the right,

[a]D = 31-2 for the acid with 5 atoms of water (Hoppe-Seyler).

D. Aqueous solution. The acid with 5 atoms of water dissolves in

750 parts of boiling, and in 4,000 parts of cold water (Strecker).
These solutions deposit microscopic pyramids and prisms with six

faces, apparently inclined at equal angles, and terminated by end-faces

at right angles to the longitudinal axis (Hoppe-Seyler).

Salts of Cholic Acid. The acid neutralises bases, and decomposes
carbonates with effervescence, forming salts soluble in alcohol but
insoluble in ether ; the salts of the alkalis dissolve also in water. The
salts have a bitter and somewhat sweet taste : they produce a violet-

red coloration with oil of vitriol and sugar (Strecker). The aqueous
cholates of the alkalis are precipitated, by chloride of sodium (Theyer
and Schlosser). The stronger acids throw down from the salts amor-

phous cholic acid as a pasty precipitate, which is easily soluble in

alcohol and ether, less freely soluble in water, and rapidly becomes

crystalline.

Cholate of Ammonia. The acid dissolves easily in dilute ammonia.
On passing ammonia-gas into alcoholic cholic acid, and mixing the

product with ether, needles or prisms are deposited, which lose ammonia
on exposure to the air or on boiling, and leave an acid resin on evapora-
tion (Strecker).

Cholate of Potash. The alcoholic acid, neutralised with caustic

potash and mixed with ether, deposits, on standing, needles of the

VOL. XVTTT. E
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potash- salt, which are likewise formed on evaporating the solution

(Strecker). The salt is also formed by evaporating- a solution of the

acid to dryness with carbonate of potash, exhausting the residue with
absolute alcohol, and evaporating to crystallisation (Hoppe-Seyler).
After drying at 100 it does not undergo change at 150. The aqueous
solution leaves an amorphous varnish on spontaneous evaporation

(Strecker). Exerts a right-handed action on polarised light ; []D =
30*8 in alcoholic solution, and consequently = 33'7 for the acid con-

tained in the salt. In aqueous solutions the rotatory power depends on
the concentration, and is greater in dilute than in strong solutions : it

is also diminished by the addition of potash-ley (Hoppe-Seyler). The
salt has a faintly alkaline reaction (Strecker).

48 C
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Theyer and
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solution, mixed with acetic acid, deposits a small quantity of crystals
of cholic acid (Strecker).

Theyer and Gorup-
at 100. Schlosser. Besanez.

48 C 288 55-92 56'38

39 H 39 7-57 7'73

9 O 72 13-98 14-25

AgO 116 22-53 21-64 20-49

C48H39Ag010
.... 515 100-00 lOO'OO

B. Acid? Dense white flocks thrown down by nitrate of silver

from cholate of ammonia, in presence of a little free nitric acid. The
salt dissolves in alcohol and in acetic acid, and is precipitated from the

solutions by water (Theyer and Schlosser).

Theyer & Schlos^r.

at 100. mean.

96 C 576 62-67 64-00

79 H 79 8-59 8'85

19 152 16-54 17-38

AgO 112 12-20 9-77

C48H39AgO10 + C48H40O 10
.... 919 lOO'OO lOO'OO

Probably a mixture containing free cholic acid (Kr.) .

The acid with 5 atoms of water dissolves slowly but abundantly in

boiling alcohol : 1000 parts of 70 p.c. alcohol retain in solution, after

cooling, 48 parts of the anhydrous acid. Water turns the alcoholic

solution milky, and throws down crystals. The anhydrous acid dis-

solves in 27 parts of ether (Strecker). The acid dissolves in 22 parts

of glycerin at 30, forming a solution from which it is not deposited
even on standing for months ; the addition of a drop of hydrochloric
or phosphoric acid renders the solution turbid, from the separation of

oily drops, which solidify in 24 hours to crystals of cholic acid

(Beneke, Studien uber Galle, 85).

Appendix to Cholic Acid.

Choloidic Acid.

The bile-resin of Thenard and Giuelm. According to Hoppe-Seyler it is a mix-

ture of cholic acid and dyslysin (see below). Mulder (ScheiJc. Onderz, 5, 13)

described choloidic acid as a mixture of fellic and cholinic acids, the former having

the composition of cholic acid, and the latter containing 2 atoms of water less.

Formation. 1. By boiling bile with phosphoric, sulphuric, or hydro-
chloric acid (Demar^ay), or with oxalic acid (Theyer and Schlosser).

2. By heating cholic acid to 195, or by boiling it with acids (Strecker).

3. By the putrefaction of bile (Gorap-Besanez).

Ox-gall, purified by dissolving it in alcohol and evaporating to

dryness, is dissolved in 12 to 15 parts of water, and boiled for 3 or

4 hours with excess of hydrochloric acid. After cooling, the super-
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natant liquid is decanted, and the deposit is freed from most of the

hydrochloric acid by means of a little water, triturated, washed, dis-

solved in a small quantity of alcohol, shaken with ether to remove
cholesterin and fatty acids, and evaporated (Demargay).

Theyer and Schlosser investigated the brown resin produced by
digesting- a strong solution of bile for some days with excess of oxalic

acid, and purified by boiling with water, or by dissolving in caustic

potash and precipitating with sulphuric acid. Inasmuch as the pro-
duct thus obtained may be contaminated with glycocholonic acid, it is

better first to convert the bile-acids into cholic acid, from which the
cholo'idic acid may be obtained by the action of acids or of heat. In
the latter case the cholo'idic acid may be freed from unaltered cholic

acid by precipitating its ammoniacal solution with chloride of barium,
the cholic acid then remaining in solution (Strecker, Handworterbuch,

[2] 2, 2, 1188).
Strecker's cholo'idic acid was obtained by boiling glycocholic acid

with hydrochloric acid, and was purified by precipitating its alcoholic

solution with ether, re-dissolving in alcohol, and precipitating with
water.

Ox-gall left exposed to the air for two or three weeks, at the tem-

perature of 31 to 37, undergoes spontaneous decomposition, attended
with development of fungi and vibrios. When the product is inspis-
sated and exhausted with absolute alcohol, taurine and altered mucus
remain undissolved. The alcoholic solution is decolorised with animal

charcoal, concentrated, freed from fats and from colouring and odorous
matters by means of ether, and diluted with alcohol, whereupon a small

quantity of crystalline needles (according to Gorup-Besanez, of margaric
acid, but more probably of cholonic acid) is deposited. The solution is

then evaporated and the residue dissolved in water and precipitated with
acetic acid. Cholo'idic acid separates in the form of a plaster, which is

to be kneaded with water till it becomes hard and pulverulent and
free from ammonia and potash, after which it is to be dried, dissolved
in alcohol, decolorised with animal charcoal, and the solution evapo-
rated (Gorup-Besanez).

Properties. Solid white or yellow friable mass, inodorous and very
bitter. Melts below 100 (Theyer & Schlosser), above 100 (Gorup-
Besanez). Melts completely at 150, but softens at the temperature of

boiling water (Demar^ay). Has an acid reaction (Dema^ay). Free
from nitrogen (Demai^ay ; Theyer & Schlosser) and from sulphur

(Gorup-Besanez).

48 C...
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b was precipitated from an alkaline solution by sulphuric acid (Theyer &
Sclilosser), c by acetic acid (Grorup-Besanez). Mulder's cholinic and fellic acids,

containing respectively 72'41 C., 10'07 H., and 71'80 C., 9'80 H., probably belong to

this place.
Earlier formula? : C^H^O" (Dema^ay), C33H30Q5r

(Dumas & Pelouze), C^H^O 11

(Theyer and Sclilosser). G-erhardt (Compt. CTiim. 1, 48) supposes the above formula
of Strecker's to contain an atom of water. Hoppe-Seyler regards the choloiclic acid

of Demaray and of Theyer & Schlosser [who, however, found their acid to be free

from nitrogen (Kr.)] as a mixture of cholic acid, dyslysin, glycocholonic acid, and

undecomposed glycocholic and taurocholic acids
; and that of Strecker as a mixture

of dyslysin and cholic acid. His view is founded upon the following experiments,
which, however, do not appear to contradict the view that cholo'idic acid may be a

body allied to the anhydrides or to the condensed acids (Kr.).
a. When crystallised bile is boiled for some hours with hydrochloric acid, the

resins formed always contain nitrogen. On precipitating their solution in soda-ley
with chloride of barium, boiling water takes up from the precipitate a large quantity
of baryta-salt, which does not crystallise on evaporation, but when shaken with ether

and hydrochloric acid, deposits a soft fatty mass, in which crystals of cholic acid

gradually form under alcohol.

b. The mass obtained by heating cholic acid to 200, or by melting the acid at

195, already contains dyslysin, together with undecomposed cholic acid. On treat-

ing the cooled mass with soda-ley, the dyslysin remains behind, whilst the alkaline

solution deposits cholic acid with 5 atoms of water on addition of hydrochloric
acid.

c. Concentrated aqueous cholic acid dissolves a large quantity of dyslysin, which
is partially precipitated by the addition of water. Aqueous cholate of soda also dis-

solves dyslysin, which is precipitated from the solution by carbonic acid : on mixing
the clear solution with hydrochloric acid, a precipitate is thrown down, of which
warm alcohol dissolves a part, leaving the rest in the form of an oil. This oil, as

well as the residue left on evaporating the alcoholic solution, exhibits the properties
of cholo'idic acid (Hoppe-Seyler) .

Decompositions. Cholo'idic acid, subjected to prolonged boiling with

hydrochloric acid, becomes insoluble in cold and ultimately even in boil-

ing alcohol, being converted into dyslysin. Intermediate products are

formed, consisting of resins, which swell up in ammonia-water without

dissolving (Strecker). The acid does not appear to be altered by
boiling for several days with potash-Icy (Theyer & Schlosser). See
above.

Cholo'idic acid is violently attacked by moderately dilute nitric acid,

frothing up from liberation of nitric oxide, and being converted into a
soft resin and partially dissolved. When it is boiled as long as any action

occurs, with addition of more nitric acid if necessary, volatile products
are formed, including acetic, valerianic, caprylic, capric, and probably
butyric acids, together with a heavy oil, which is resolved by alkalis

into nitrocholic acid and cholacrol (ix, 503) : amongst the non-volatile

products are cholesteric (xiii, 157), oxalic, and choloidanic acids (xvi,

412) (Redtenbacher, Ann. Pharm. 57, 145). The acid is for the most

part converted into dyslysin when boiled with bichromate ofpotash and

sulphuric acid ; an odorous distillate, however, is obtained, on the sur-

face of which float flocks or oily drops, which may be separated by
shaking the distillate with ether. These flocks are fusible and volatile,
soluble in aqueous alkalis, and precipitated therefrom by acids : they
yield a white curdy silver-salt, containing 64-72 p. c. of silver, agreeing
in composition with collinate of silver, C 12H3Ag04

,AgO (Frohde, Krit.

Zeitschr. 7, 469).

Combinations. Cholo'idic acid is nearly insoluble in water. It

neutralises bases, and expels carbonic acid from carbonates on warm-
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ing. The salts have a pure bitter taste : those of the alkalis are
soluble in water and in alcohol, but not in ether ; their aqueous solu-
tions are decomposed by carbonic acid, and precipitated by chloride of
ammonium and by caustic alkalis and their carbonates. The salts of
the earths and metals, obtained as sticky masses by double decomposi-
tion, are soluble in alcohol but insoluble in water (Strecker). Mineral
acids precipitate choloidic acid from its salts in its original state

(Demar^ay) . According to Hoppe-Seyler, the salts are identical with those of
cholic acid.

The solution of the acid in aqueous ammonia turns acid on boiling.

Baryta-salt. An alcoholic solution of choloidic acid is mixed with
excess of baryta-water and evaporated, and the residue is exhausted
with cold alcohol, which leaves, on evaporation, an amorphous mass
nearly insoluble in water (Strecker).

at 120. Strecker.

48 C
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Conjugated Compounds of Ckolic Acid.

Cholate of Methyl.

C^H4^10 = C2H3
0,C

48H39 9
.

HOPPE-SEYLER, /. pr. Chem. 89, 272.

Methyl-ether of cholalic acid. Iodide of methyl acts rapidly on
cholate of silver at a gentle heat, with formation of cholate of methyl,
which is purified by treating the product with potash-ley and with
ether.

Long, colourless, hard, four-sided prisms, terminated by two end-

faces inclined at a very obtuse angle. Melts with difficulty. Rotates

a ray of polarized light to the right; [a]D = 31 '9. On prolonged
boiling with alcoholic potash it forms cholate of potash. It is in-

soluble in water, but easily soluble in alcohol and in ether.

Cholate of Ethyl.

(twjpiQio _ C4
HX),C

48I139 9
.

UOPPE-SETLEK. J. pr. Chem. 89, 273.

Ethylic ether of cholalic acid. Obtained by saturating alcoholic

cholic acid with hydrochloric acid gas, allowing the liquid to stand for

some time, precipitating with water, shaking the precipitate with ether

and potash, and allowing the ether to evaporate. The crystalline
mass thus formed is washed with water and recrystallised from
alcohol or ether.

Delicate silky needles, exerting a right-handed action on polarized

light ; [a]D = 32'4. At a temperature of 100 to 120, it is converted

by alcoholic or aqueous ammonia into the ammonia salt of cholic acid,
without yielding an amide.

G-lycocholic Acid.

C52NH43 13 = C4NH 4 3
,C

48H39 9
.

TIEDEMANN & L. GMELiN. Die Verdauung. Tubingen, 1824 ; 1, 48

and 51.

AD. STRECKER. Ann. Pharm. 65, 1 ; abstr. Pharm. Centr. 1848, 129 ;

J. pr. Chem. 46, 137; N. J. Pharm. 13, 215; Chem. Gaz. 1848,
149. Ann. Pharm. 67, 1; abstr. Pharm. Centr. 1848, 881 and 897;

J.pr. Chem. 46, 143 ; N. J. Pharm. 15, 153 ; Kopp's Jahresber. 1847
and 1848, 896. Ann. Pharm. 70, 149 ; abstr. Pharm. Centr. 1849,
660 and 673 ; Chem. Gaz. 1849, 427 ; N. J. Pharm. 16, 450 ; Kopp's
Jahresber. 1849, 536.
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MULDER. Sclieil: Onder:. 5, 1
; Kopp's Jakresber. 1847 and 1848, 896.

HOPPE-SEYLER. Arch, fur path ol. Anatom. 15, 126; Chem. Centr. 1859,
Q5. J.pr. Chem. 89, 257; Chem. Centr. 1864, 129

;
Anal. Zeitschr.

2, 258; Kopp's Jahresler. 1863, 651.

Cholic acid of Q-raelin and Strecker. different from the cholic acid of other

chemists. Discovered by Grmelin in 1824 ; investigated chiefly by Strecker.

Source. As soda-salt (also as potash- arid ammonia-salts) in the

bile of most animals. Abundant in ox-bile (Strecker). See also Hand-

Inch^ viii. 40. Eriderlin (.4m?. Pharm. 75, 154) observed crystals of the

acid in ox-bile which had become sour.

Preparation. 1. Fresh ox-bile is precipitated with neutral acetate of

lead, and the yellow flocks are collected, washed with cold water,
dissolved in alcohol, and decomposed with hydrosulphuric acid. The
filtered liquid, warmed and mixed with a quantity of water sufficient to

produce turbidity, and allowed to stand for 12 hours, deposits crystals,
which are treated with boiling water, when a portion, chiefly paragly-
cocholic acid, remains undissolved, whilst the filtrate yields crystals of

glycocholic acid on standing and very careful evaporation (Strecker).

According to Mulder, the glycocholic acid thus obtained contains ammonia : he

therefore dissolves it in baryta-water, frees the solution from excess of baryta by
means of carbonic acid, precipitates with acetic acid, and reorystallises. Delffs (N.

JaTirb. Pharm. 6, 63) employs 1 part of neutral acetate of lead to 5 parts of purified

dry bile : with a larger quantity of the acetate the precipitate cakes together, and is

decomposed with difficulty by hydrosulphuric acid.

2. Ox-bile, evaporated over a water-bath and dried at 120, is

dissolved in the smallest possible quantity of absolute alcohol, and the

solution is mixed with a little ether, whereby a deeply coloured syrupy
or pasty precipitate is thrown down, from which the red solution is

decanted and mixed with more ether. The liquid, which is thus

rendered turbid, deposits, on standing, a large quantity of radiated

needles, which must be washed with- ether-alcohol containing -J-th of

ether, and dried over oil of vitriol, since they deliquesce in the air.

The crystals consist of glycocholate and taurocholate of soda, and con-

tain small quantities of potash and ammonia. Their aqueous solution,
mixed with a quantity of dilute sulphuric acid sufficient to produce

turbidity and left to itself for some hours, deposits glycocholic acid,

which is washed with cold water and recrystallised from boiling water

(Strecker).

When fresh bile is precipitated with sulphuric acid, and the precipitate is washed
with dilute sulphuric acid and covered with a layer of ether, a large quantity of

crystals of glycocholic acid form in the precipitate (Strecker).

3. Bile is incompletely precipitated with neutral acetate of lead ;

the precipitate is dissolved in hot alcohol ; the solution is decomposed
with carbonate of soda ; the filtrate is evaporated ; and the residual

glycocholate of soda is dissolved in absolute alcohol and precipitated
with ether. An aqueous solution of the crystals, mixed with sufficient

dilute sulphuric acid to produce turbidity, deposits glycocholic acid,

which is to be washed and recrystallised (Hoppe-Seyler).
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Properties. Very delicate white needles, which, when pressed
between blotting paper, aggregate into laminae, having a faint silky
lustre, and an intensely sweet, somewhat acrid, bitter taste (Strecker).
Eeddens litmus strongly (L. Gnielin ; Strecker). Rotates a ray of

polarised light to the right; in alcoholic solution [a]D = 29 (as deter-
mined for Fraunhofer's line D) : the rotatory power is not affected by
dilution, but is diminished by neutralising the solution with soda-ley
(Hoppe-Seyler).

52 C ,
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(Stadeler, Ann. Phann. 132, 350). Cholic and taurocholic acids likewise

behave in a similar manner.

5. Glycocholic acid breaks up, on boiling with alkalis or baryta-water,
into glycocoll and cholic acid :

Co2NH43 i2 + 2TIO = CHNH5 4 + CHSH4 OW

Small quantities of ammonia and a volatile oil are also formed as bye-products.
6. On warming glycocholic acid with sugar and oil of vitriol, a fine

purple-red colour is produced: Pettenkofer's bile-test (p. 66). 7.

Glycocholic acid undergoes decomposition much less readily than
taurocholic acid in the putrefaction of bile (Strecker).

Combinations. Glycoholic acid dissolves in 303 parts of cold, and in

120 parts of boiling water (Strecker). It dissolves easily in aqueous
ammonia, alkalis, and baryta-water, forming salts. The solutions are

precipitated by acids, including acetic acid
(see taurocholic acid), the glyco-

cholic acid being thrown down as a resin, which is converted into

needles on standing, or more rapidly on addition of ether. A portion
of the acid may be converted by this treatment into paraglycocholic
acid (p. 57). The salts are for the most part soluble in water, and
have a very sweet taste (Gmelin) : they dissolve in alcohol (Strecker).

Glijcocholate of Ammonia. The easily formed solution of glyco-
cholic acid in aqueous ammonia leaves on evaporation a transparent
gum, which reddens litmus slightly, evolves ammonia when treated
with potash, and dissolves completely in water (L. Gmelin). When
ammonia-gas is passed into a solution of glycocholic acid in absolute

alcohol, crystals of the ammonia-salt, resembling those of the soda-salt,
make their appearance on standing, or more rapidly on addition of

ether. They give off ammonia in a vacuum or .when boiled, and then
have an acid reaction (Strecker).

Acid Salt? a. According to Mulder, the ammoniacal glycocholic
acid obtained by the first process (p. 57) is an acid salt which is not
altered by recrystallisation. b. When dry glycocholic acid is exposed
to a current of gaseous ammonia, and afterwards to a current of air

for a quarter of an hour, 100 parts of the acid retain 6-4 parts of

ammonia : on continuing the current of air, a part of the ammonia is

given off, and after the lapse of an hour there remain 1-6 parts of

ammonia to 100 parts of acid (Mulder).
Mulder.

Dried over oil of vitriol, or at 130. a. mean.

104 C 62-4 65-89 65-63
3N 42 4-43 470

89 H 89 9-40 9'16

24 O 192 20-28 20'51

2C52NH43O 12,NH3 947 100-00 100-00

Strecker rightly regards this salt as a mixture (Kr.).

Glijcocholate of Potash resembles the soda-salt (Strecker).

Glycocholate of Soda. Occurs in bile. Glycocholic acid is neu-
tralized with aqueous carbonate of soda, or the alcoholic acid is shaken
with the powdered carbonate : in either case the filtrate is evaporated,
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and the residue is dissolved in absolute alcohol and mixed with ether,

whereupon radiated groups of white needles quickly appear (Strecker).
The salt exerts a right-handed action on polarised light ; [a]D in aque-
ous solution = 20-8, in alcoholic solution = 25-7 (Hoppe-Seyler). It
melts when heated, and burns with smoky flame, leaving carbonate and
cyanate of soda. Dissolves very easily in water, and is precipitated
by excess of soda-ley as an amorphous soft resin. Soluble in 27*2

parts of absolute alcohol at 15, from which it is deposited in crystals
by very slow evaporation, otherwise as an amorphous mass (Strecker).
Ether throws down from the alcoholic solution an amorphous precipi-
tate, in the absence of water ; but if the solution be first mixed with
sufficient ether to produce a strong turbidity, and then with water
till the turbidity disappears, crystals quickly make their appearance
(Stadeler, J.pr. Chem. 72,257; Kopp's Jahresber. 1857, 562).
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obtained by dissolving glycocholic acid in excess of carbonate of soda,

precipitating with neutral acetate of lead, washing the precipitate and

exhausting it with alcohol, whereby a solution is obtained from which
water throws down the lead-salt (Mulder).

52 C
N

42 H
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Lamina at 100.
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Glycocholonic acid breaks up, on boiling with hydrochloric acid,

into glycocoll and choloidic acid, the latter being transformed into

dyslysin.

Glycocholonic acid is insoluble in water, either cold or boiling. Its

solution in aqueous ammonia is precipitated by carbonate of ammonia,
sal-ammoniac, and other salts. It dissolves in aqueous alkalis

(Strecker).

Glycocholonate of soda. Obtained by dissolving the acid in aqueous
carbonate of soda, mixing the solution with alcohol, filtering from the

precipitated carbonate of soda, and precipitating with ether. The pre-

cipitate may be crystallised by dissolving it in absolute alcohol and

evaporating. After drying at 110 it does not lose water at 130.
It dissolves in water more easily than glycocholate or paraglycocholate
of soda (Mulder).

Mulder.
mean.

52 C 312 66-52 66'15

N 14. 2-98 2-60

40 H 40 8-53 8'95

9O 72 15-35 15-70

NaO 31 6-62 6'60

C52KE4 ]S"a0 10 469 100-00 100-00

The soda-salt precipitates baryta- and lime-salts in dense flocks

(Strecker). The baryta-salt, which is insoluble in water, dissolves in a

large quantity of alcohol (Mulder).
The acid is easily soluble in alcohol, nearly insoluble in ether

(Mulder).

Taurockolic Acid,

C62NH"S2 U = C4NHflS2 6
,C

48H39 9
.

AD. STRECKER. Ann. Pharm. 65, 130; 67, 30; 70, 169.

HEINTZ (and LIEBERKUHN). Heintz's Lehrbuch der Zoochemie, Berlin,

1853, 366.

F. HOPPE-SEYLER. J. pr. Chem. 89, 257 and 281.

PARKE. Krit. Zeitschr. 10, 55.

Choleic acid (Strecker). Discovered by Strecker in 1848. In the

form of soda-salt, and frequently accompanied by glycocholate of

soda, it forms the principal constituent of the bile of most animals.

History of the investigation of Bile. 1. In 1806 Thenard (Mem. de

la Soc. d'Arcueil, 1, 23 ; N. Gehl 4, 511 ; Traite, Ed. 4, 4, 382) obtained

from ox-gall a bile-resin, agreeing with choloidic acid, together with

picromel. The latter body is soluble in water, and, according to Thenard,
is precipitated, according to Gmelin, not precipitated, by cold acids,
and leaves carbonate of soda when burnt. Its properties seem to

indicate that it is a mixture of taurocholate of soda with other bile-

acids.

2. In 1814 Berzelius (Schw. 10, 488) obtained from bile a body
which he termed bile-substance (Gallensto/), and which he regarded as
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u principal constituent of bile. This body was precipitated by excess
of sulphuric acid from bile previously deprived of mucus, and was
freed from sulphuric acid by treatment with carbonate of baryta
(potash, lime), the bile-substance being then re- dissolved.

3. L. G-melin's investigation of ox-gall, in 1826, led to the con-
clusion that bile contains 22 different substances, the most important
of which are bile-resin, picromel, taurine, (glyco)cholate of soda, fats,
and cholesterin.

4. Demar^ay, in 1838, recognized the principal constituent of bile
as a soda-salt. According to him, bile is not completely precipitated by
neutral or basic acetate of lead, because aqueous acetate of soda (or
lead) dissolves the lead-salt of the bile-acid, the dissolved portion not

differing essentially from the precipitate. In his view, bile contains

only one acid, Dema^ay's choleic acid, Liebig's bile-acid, which is said
to be decomposed by hot acids into choloidic acid and taurine and by
alkalis into ammonia and cholic acid.

5. In 1840 Berzelius (Ann. Pharm. 33, 139 ; 43, 1 ; Lehrbuch, 4 Aufl.

9, 248) found, as the principal constituent of bile, a body called bilin,

which, though neutral, was capable of combining with acids and bases,
but could not be prepared in the pure state on account of its instability.

By decomposition with acids it yielded taurine, then two resinous acids

(fellic and cholic acids), and lastly dyslysin, and was capable of com-
bining with these acids to form bilifellic and bilicholic acids, which were
soluble in water.

6. Kemp (J. pr. Chem. 28, 154) supported the view of Demarcay,
that bile is the soda-salt of a single acid, but found this acid to differ

from Demarcay's choleic acid, and also from the bilin of Berzelius.

7. Theyer and Schlosser (Ann. Pharm. 48, 77 ; 50, 235) from

analyses (1) of purified ox-gall, (2) of the precipitate formed by basic

acetate of lead, and (3) of the soda-salt reproduced from the lead pre-

cipitate, also arrived at the conclusion that bile contains one acid in

combination with soda. They showed further that the body remaining*
in solution after precipitation with basic acetate of lead, Berzelius's

bilin, possesses the composition and properties of the soda-salt of bile-

acid.

8. In all the foregoing investigations the presence of sulphur in

bile-acid and in its decomposition-product, taurine, was overlooked.
After Redtenbacher (ix, 285) had detected the presence of sulphur,
and Platner (Ann. Pharm. 51, 105) had described a process for obtain-

ing crystals of the soda-salt of bile-acid [which crystals were analysed
by Verdeil (Ann. Pharm. 59, 311)], Strecker showed, in 1848, that

ox-bile contains the soda-salts of two acids, glycocholic and taurocholic.

Strecker's investigation, moreover, established the composition of the
two acids, and their relation to the decomposition-products of bile, and

completely refuted Berzelius's supposition as to the existence of an
indifferent bilin.

9. Mulder, who previous to the publication of Strecker's investiga-
tion (Scheik. Onderz. 4, 1) had sought, by means of numerous analyses,
to uphold Berzelius's views as to the nature of bile, as woll as to con-
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fute the supposition of the existence of a bile-acid, afterwards asserted

(Schiek. Onderz. 5, 1) that Strecker's glycocholic acid was a decompo-
sition-product of the bilin of fresh bile. He disputed the pre-existence
of any crystallisable product in bile, the chief constituent being slimy,

resinous, and unstable ;
and further endeavoured to prove the incor-

rectness of all Strecker's formulae for the bile-acids. His views have
met with no acceptation. See also Strecker's criticism (Ann. Pharm.

70, 154).
Taurocholic acid was not isolated by Strecker from ox-bile. Its

composition was deduced from the decomposition-products of that

portion of the bile which is soluble in alcohol and precipitable by ether,
which products are cholic acid, glycocoll, and taurine. Its composition
was arrived at also by analysing the salts of the bile-acids (mixed
glycocholates and taurocholates), the proportion of taurocholic acid in

which may be determined from the amount of sulphur they contain.

Source. Taurocholic acid occurs, together with varying proportions
of glycocholic acid, in the bile of most animals, generally in combina-
tion with soda. It occurs free from glycocholic acid in dog's bile

(Strecker), and in that of Python tigris (Schlossberger and Binder, Ann.
Pharm. 102, 91), together with a little glycocholic acid in the bile of

fishes, and of the sheep, wolf, fox, domestic fowl, goat (Strecker), shad-
fish (Schlossberger and Vogtenberger, Ann. Pharm. 108, 66), and

sturgeon (Scherer) ; together with a large proportion of glycocholic
acid in the bile of the ox (Strecker), and kangaroo (Schlossberger,
Ann. Pharm. 140, 244). See also Handbueh viii, 40.

Preparation. 1. Ox-bile is precipitated with neutral acetate of lead,
not in excess ; the precipitate is separated by filtration, and to the

filtrate basic acetate of lead is added in small portions, the liquid being
filtered after each addition, till the precipitate thrown down appears
white and plaster-like. The taurocholic acid is then precipitated by
excess of the basic acetate, with addition of ammonia, and the lead-salt

is purified by repeatedly dissolving it in alcohol and precipitating with

water, and afterwards decomposed by hydrosulphuric acid. The solu-

tion of free taurocholic acid thus obtained is decanted from the sulphide
of lead and evaporated in a vacuum, the syrupy liquid first formed

puffing up and ultimately becoming converted into a yellow tumefied
mass (Heintz).

2. An alcoholic solution of decolorized dog's bile is evaporated ;

the residue is dissolved in a small quantity of alcohol, and mixed with

ether, whereby taurocholate of soda is precipitated, an aqueous solution

of which is precipitated with basic acetate of lead and a little ammonia.
The precipitated lead-salt is suspended in boiling absolute alcohol, and

decomposed with hydrosulphuric acid, and the filtered liquid is concen-
trated and mixed with a large excess of ether, taurocholic acid then

separating in the form of a syrup, in which crystals form on standing

(Parke).

Salts of taurocholic acid are also obtained from fish-bile. See below.

Properties. Delicate silky needles (Parke). White amorphous
powder (Heintz). In the form of soda-salt it exerts a right-handed
action on polarised light (ILoppe-Seyler).
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Decomposition. 1. Dry taurocholic acid is decomposed only at tem-

peratures considerably above 100 (Parke). According- to Ileintz, it is

not completely soluble in water after being heated to 100 ; the aqueous
and alcoholic solutions also undergo decomposition, and turn milky
when evaporated with the aid of Ijfeat (Strecker. Heintz). 2. Tauro-
cholic acid breaks up into cholic acid and taurine when boiled for four

hours with baryta-water:

CS2NH45S2O 14 + 2HO = C4NH7S2O6 + C^H^O 10
(Strecker).

The same decomposition is effected by heating the acid to 100 with
water in a sealed tube (Parke).

This property of taurocholic acid was established by experiments
with an acid containing glycocholic acid, and not with the isolated acid.

When purified bile is precipitated with neutral acetate of lead, and the

precipitate containing glycocholate of lead is removed, basic acetate of

lead throws down from the filtrate a mixture of basic glycocholate and
taurocholate of lead, containing varying quantities of oxide of lead,

carbon, and hydrogen. When the precipitate is decomposed by boil-

ing baryta-water, the filtrate boiled with excess of baryta-water for

twenty-four hours, and the residue freed from excess of baryta by
means of carbonic acid, a filtrate is obtained, from which hydrochloric
acid throws down cholic acid. This filtrate freed from baryta by sul-

phuric acid, from sulphuric and hydrochloric acids by hydrated oxide of

lead, and from lead by hydrosulphuric acid, leaves on evaporation
taurine, together with glycocoll, arising from the decomposition of

glycocholic acid (Strecker).

3. A solution of the taurocholate of an alkali, mixed with excess of

acid, becomes turbid on boiling, from separation of choloidic acid, the
solution then containing taurine (Strecker). 4. Ozone does not act

upon aqueous taurocholates of the alkalis, but oxidizes them completely
after addition of excess of alkali, forming carbonic and sulphuric acids,
but neither taurine nor bile-acid. Taurocholates of the alkalis, mixed with

glycocholates, behave in a similar manner (v. Gorup-Besanez, Ann. Pharm.

110, 86
; 125, 218).

5. Taurocholic acid, heated with oil of vitriol behaves like glycocholic
acid (p. 58) ; when mixed with oil of vitriol and sugar, it assumes
a violet-red colour (Pettenkofer's bile-test). Ox-bile, mixed with not
too much sugar, and then with oil of vitriol till the precipitate formed
at first is dissolved, yields a deep violet liquid resembling the aqueous
solution of permanganate of potash. This coloration is obtained also

with decolorized bile (Pettenkofer, Ann. Pharm. 52, 90).

In testing for bile, the liquid to be examined is mixed with two-thirds of its

volume of oil of vitriol, in such a manner that the temperature does not rise above

60, and the mixture is shaken with 2 to 5 drops of a solution of cane-sugar, where-

upon the violet colour appears, provided that the temperature has not been allowed

to rise too high, and that neither albumin, nor a large quantity of metallic chlorides,

nor too much sugar is present. Hydrochloric acid acts in a similar manner to oil

of vitriol, but the colour produced is less intense (Pettenkofer). The principal con-

stituents of bile yield this coloration, which, however, is produced without the addi-

tion of sugar, on mixing bile with oil of vitriol, and dropping water into the mixture

(van der Brock, J. pr. Chem. 39, 363). When inspissated bile is triturated with oil

of vitriol, and water is dropped into the mixture, there is produced, even without
addition of sugar, a violet-red coloration, changing to dark-blue in 15 or 20 minutes

(Vogel, jun., N. Jahrb. Pharm. 3, 150). See also xv, 322, and Neukomm (Ann.
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Pharm. 116, 30). According to Ilupport (Zeitschr. anal, Chem.vi, 294) the presence
of oxidizing substances (nitrates and chlorates) interferes with this reaction.

The salts of taurocholic acid, in as pure a state as possible (but not

quite free from glycocholic acid), exhibit the following characters.

Those of the alkalis are neutral, very sweet, with a bitter after-taste,

hygroscopic, but not deliquescent, and permanent in the air. They
dissolve in water, forming a frothing liquid, and in alcohol. Ether
converts them, on prolonged contact, into radiated crystalline masses.
Their aqueous and alcoholic solutions are not decomposed by evapora-
tion. The aqueous solution is not precipitated by acetic acid, hydro-
chloric acid, or oil of vitriol, nor the alcoholic by carbonic acid. More-
over the presence of these salts in glycocholates of the alkalis (as ob-
tained from ox-bile, for example) prevents the precipitation of glyco-
cholic acid by acetic acid, or a small quantity of a mineral acid, whilst,
on the other hand, the resinous precipitate produced by a large quantity
of sulphuric acid in a mixture of glycocholates and taurocholates of the
alkalis invariably contains taurocholic acid. The taurocholates of the
alkalis are thrown down from their aqueous solutions by strong potash-

ley and by carbonate of potash, but not by chlorides of the alkali-

metals, or by sulphates. Taurocholates of the alkalis dissolve fats,

fatty acids, and cholesterin (Strecker).

Taurocholate of Potash. From fish-bile. That of Gadys Morrhua and
Pleuronectes mascimus, contains chiefly potash ; that of Esox Indus and Perca

fluviatilis more soda.

The strongly dried bile is dissolved in absolute alcohol, and the filtrate

is mixed with a little ether, which precipitates colouring matter, to-

gether with a small quantity of the other constituents, after the removal
of which the precipitation is completed by the addition of more ether.

The salt thus thrown down contains (besides potash) ammonia, mag-
nesia, and soda, to remove which its concentrated aqueous solution is

precipitated with cold strong potash-ley. The precipitated flocks are

washed wTith potash -ley, and freed from excess of potash by dissolving
them in absolute alcohol, passing carbonic acid through the solution,
and filtering from the deposited carbonate. The taurocholate of

potash then remaining in solution may be obtained either by evapora-
tion or by precipitation with ether. Colourless neecjles resembling
wavellite (Strecker).
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yellow, friable, very hygroscopic gum, which, according to Strecker, is taurooholate
of soda. Exerts a dextro-rotatory action on polarised light : [a]D for the

soda-salt dissolved in water = 21*5, for the salt dissolved in alcohol
= 24-5 (Hoppe-Seyler).

Dried at 120 to 130. Schlieper. Strecker.
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Biliary Acid from Guano.

F. HOPPE-SEYLER. Virchow's Archiv. 26, 525 ; Chem. Centr. 1863, 755 ;

Kopp'a Jahresber. 1863, 654.

Occurs in Peruvian guano. The same or a similar acid occurs in

pigeon's dung.
An extract of guano, made with cold water, is evaporated, till the

oxalate of ammonia crystallises, and afterwards precipitated with hydro-
chloric acid. After standing for some time, the precipitate is collected,

washed, and dissolved in alcohol, and the solution, after being deco-

lorised, is evaporated, with addition of carbonate of soda. The residue

is exhausted with absolute alcohol, and the extract is freed from alcohol,
dissolved in water, and precipitated with chloride of barium. From this

precipitate the acid is separated by hydrochloric acid.

The acid does not crystallise. It has an acid reaction, and does

not rotate a ray of polarised light. It is free from sulphur, and when

pure probably free from nitrogen. When heated
*

it burns with
aromatic odour. With oil of vitriol and sugar it gives the violet-red

colour of the bile-acids. Oil of vitriol dissolves it, forming a green
fluorescent solution. It is decomposed by boiling with hydrochloric

acid, yielding a product resembling dyslysin.
The acid is insoluble in water, but easily soluble in aqueous ammo-

nia and alkalis. The baryta-salt dissolves in hot water, and is depo-
sited in the form of a resin on evaporating the solution. It contains

70-9 p.c. C., 8-2 H., 0-5 N., and 12'7 Ba, or 44 atoms of hydrogen to

32 atoms of carbon. The acid dissolves in alcohol, from which it is

precipitated by water and by ether.

Appendix to Bile-acids.

Bile-pigments.

THENARD. Traite de Chimie. ed. 4, 4, 580.

CHEVREUL. Majendie J. de Physiol. 4, 259. Ann. de Mus. 1825,
378.

L, GMELIN. Tiedemann u. Gmelin, Die Verdauung, 1, 79.

BOLLE. Br. Arch. 38, 266.

BERZELIUS. Lehrbuch, 3 Aufl. 9, 281. Ann. Pharm. 43, 53.

PLATNER. Ann. Pharm. 51, 110.

SCHERER. Ann. Pharm. 53, 383.

BRAMSON. Zeitschr.fiir rationelle Medicin, 4, 193.

SCHMID (u. WACKENRODER). N. Br. Arch. 41, 291 and 294.

HEIN. J.pr. Chem. 40, 47
; Kopp's Jahresber. 1847 and 1848, 920.

HEINTZ. Pogg. 84, 106 ; Kopp's Jahresber. 1851, 605.

BRUCKE. J. pr. Chem. 77. 22
; Chem. Centr. 1859, 248 ; Kopp's Jahres-

ber. 1859, 637.

MALY. Wien. Akad. Ber. 49, 498 ; Krit. Zeitschr. 7, 656 ; Ann. Pharm.

132, 127; Chem. Centr. 1865, 75; Kopp's Jahresber. 1864, 663;
further J. pr. Chem. 104, 28 ; Jahresb. 1868, 824.
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STADELER. Ann. Pharm. 132, 323; Par. Soc. Bull. 1864, 57; Kopp's
Jahresber. 1864, 657. Further: Epistolary Communication.

THUDICHUM. Tenth report of the Medical Officer of the Privy Council,

p. 240 ; J.pr. Chem. 104, 193 ; abstr. Krit. Zeitschr. 11, 555 ; Chem.

Centr. 1868, 609 ;
Bull Soc. Chim. [2] 10, 498 ;

Jahresb. 1868. 826.

JAFFE. J.pr. Chem. 104, 401 ; Zeitschr. f. Chem. [2], 5, 666.

In the bile of the higher classes of animals, more abundantly in

certain gall-stones, also in jaundiced urine, and in the serum of blood

and chyle, there exist colouring matters, which, when their solutions

are mixed with nitric acid [nitrous acid according to Millon (Compt.
rend. 14, 904)] exhibit a change of colour from green to blue, violet, red,

and finally yellow : Gmelin's Pigment reaction.

Calculi consisting of bile-pigments are brown, crumbly, and ochry,
and evolve an animal odour when burnt. They are only slightly soluble

in water and alcohol, but dissolve in potash with dark-brown colour.

Nitric acid produces the pigment-reaction. When burnt they leave a

large quantity of ash, which contains carbonate of lime, the lime

occurring in the concretion partly as carbonate (Bolle ; Scherer)
and partly as a compound of lime and colouring matter (Heintz), which
is insoluble in alcohol (Bramson). After exhaustion with water,

alcohol, and ether, the pigment gall-stones contain 74 p. c. C., 6'3 H.,
and 14-4 N., besides ammonia and carbonic acid in the mineral sub-

stance. When the latter are removed by means of hydrochloric acid,

the residual pigment contains 62-49 p.c. C., 8-17 N., 615 H., and

23-18 0. (Scherer), but it is still a mixture, containing, besides pigment,

epithelium arid other bodies (Heintz).
The pigment of ox gall-stones is Gmelin's bile-brown, which passes

into bile-green when exposed to the air in alkaline solution (Gmelin).
The yellow pigment of human gall-stones forms the cholepyrrhin of

Berzelius, who obtained from inspissated ox-gall a pigment which

differed from cholepyrrhin, and to which he gave the name bilifulvin

when in combination- with bases (lime, soda) and bilifulvic acid in its

isolated condition.

Virchow (Ann. Pharm. 78, 352) found crystals of bilifulvin in

unhealthy bile and liver, and compared them with hsematoidin, from

which, however, they were found to differ. Valentiner (Gtinzburg's

Zeitschr., J. pr. Chem., 77, 22) subsequently found that chloroform

extracts bile from gall-stones ; from jaundiced liver and many other

tissues, crystals which give the pigment reaction with nitric acid.

These crystals were regarded by Valentiner as identical with liBenratoi-

din. Stadeler (Ann. Pharm. 116, 29), however, showed that hsemato'i-

din behaves differently with nitric acid, and possesses a different

crystalline form. Jaffe, on the other hand, affirms the identity of bili-

fulvin with hsematoidin, on the ground of the following experiment.
An apoplectic clot containing a large quantity of crystals of hsema-

toidin, was dried, comminuted,- moistened with absolute alcohol, and

exhausted with chloroform, which, when evaporated in the dark, left

golden-yellow crystals of hsematoTdin. These crystals, after washing
with ether, which partially dissolved them, dissolved in aqueous car-

bonate of soda, with yellow colour, turning green in the air, and gave
the pigment-reaction with nitric acid (Jaffe, Archiv. Pathol. Anat. u'nd

Physiol. 23, 192
;
Anal. Zeitschr. 1, 259). See also Handbuch, viii, 64.

Stadeler obtained from human gall-stones, by Valentiner & Briicke's
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process, four pigments, one of which, the bilirubin, forming
1 the prin-

cipal part of the concretions, agreed with the biliphgein of Briicke, and
the cholepyrrhin of Maly. Heintz's biliphsein has a different composi-
tion, but appears to resemble bilirubin in its decompositions and solu-

bility.

1. Bilirubin.

Cholophesin, Cholepyrrhin.

Occurs abundantly in human gall-stones (Stadeler), and ox-gall-
stones (Thudichum). In human bile (Valentiner, Briicke). In small

quantity in the bile of the ox and sheep (Maly).

Powdered human gall-stones are freed from cholesterin and fat by
means of ether, and from bile by exhaustion with hot water. The
residue is dried and boiled repeatedly with chloroform, which dissolves

a small quantity only of colouring matter, and leaves it on evaporation as

a greenish-brown sticky mass, together with microscopic yellow laminae

of bile-red. After exhaustion with chloroform, the residue is digested
with dilute hydrochloric acid, which eliminates carbonic acid, and
extracts lime, magnesia, and phosphoric acid, the principal part of the

pigment remaining, however, undissolved, and appearing, after washing
and drying, of a dark brownish-green colour. This residue is exhausted
with boiling chloroform, which dissolves bilifuscin and bilirubin, and is

afterwards freed from biliprasin by repeated treatment with alcohol,
and from bilirubin by again boiling it with chloroform. Under this

treatment, bilihumin still remains undissolved. The chloroform solu-

tions are evaporated ; the residue is freed from bilifuscin by treating it

with alcohol
; the remaining bilirubin is dissolved two or three times

in chloroform and evaporated ; the residue is washed with ether and

alcohol, and again dissolved in chloroform ; and the solution, evaporated
till it begins to deposit bilirubin, is precipitated with alcohol (Stadeler).
Thudichum proceeds essentially in the same manner as Stadeler. Heintz exhausts
the gall-stones with water, alcohol, ether, and hydrochloric acid in succession, dis-

solves the washed residue in hot aqueous carbonate of soda, precipitates the filtrate

with hydrochloric acid without exposure to air, and washes the precipitated flocks

with hot water.

Briicke agitates human bile with chloroform ; separates, filters, and distils the

yellow solution
; and washes the residue first with 94 p. c. alcohol, which acquires a

deep-brown colour, and afterwards with ether.

Thudichum exhausts pulverised and sifted ox-gallstones succes-

sively by decantation with hot water, boiling with alcohol, cold dilute

hydrochloric acid, and again with alcohol ;
then further with ether, and

after drying the powder, which then exhibits a fine reddish-yellow

colour, boils it with chloroform, which, after repeated treatment, dis-

solves a part of the colouring matter, the rest only after repeated
exhaustion of the residue with hydrochloric acid. The residue left after

distilling off the chloroform, is washed with chloroform, and purified

by solution in chloroform and precipitation with absolute alcohol. Or
the powder, exhausted first with chloroform, and then with hydrochloric
acid, may be treated with alcoholic potash, the filtrate precipitated
with hydrochloric acid, whereupon green colouring matter remains

dissolved,, and the precipitate purified by washing with warm absolute
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alcohol, or by agitation with chloroform. Part of the bilirubin then

remains dissolved, and another portion may be precipitated from the

concentrated chloroform solution by absolute alcohol (Thudichum).

Properties. Amorphous, orange-coloured, or crystalline dark-red

powder, appearing in well formed crystals only when impure. The

crystals obtained by agitating human bile with chloroform, according
to Valentin's process, have convex faces, and differ greatly in their

angles from the crystals of heematoidin (Stadeler). Thudichum obtained

bilirubin in two modifications, namely, as a dark, red-brown crystalline

powder : Thudichum's cholophcein ; or of a pure red colour, in which case

it consists either of amorphous grains, or when precipitated by alcohol

of yellow rhombic prisms : Thudichum's bilirubin. The crystals reflect

light with purple and steel-blue lustre. Dry red bilirubin becomes
brown on exposure to light (Thudichum). Bilirubin dried over oil of

vitriol, loses about 1 p. c., at 100, and no more at 130 (Strecker).

Calculation according
32 C 192 ..
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duccd, which gradually turn blue, and, after washing with water, give up green

colouring matter to alcohol, the blue remaining behind in the form of a dark powder
(Stadeler).

The tints produced by the action of nitric acid containing nitrous

acid on bile-pigments, correspond to characteristic alterations of the

spectrum. The solution of the blue modification exhibits in the spec-
trum a broad absorption-band between the Fraunhofer lines, C arid D,

resolved, on dilution, into two narrower bands (a and /3), which are

separated by a bright band situated near D. Between b and F there is

another absorption-baud, 7. As the action of the nitric acid goes on, the

bands a and /3 gradually disappear, while 7 becomes plainer, till at

length, when the solution contains the red modification, 7 likewise dis-

appears.
To isolate the blue pigment, an alcoholic solution of biliverdin, or an

ammoniacal solution of bilirubin containing alcohol, is mixed with

strong fuming nitric acid till the liquid turns blue, and exhibits the two

absorption-bands, a and /3 ; the solution is then mixed with chloroform
ammonia being added from time to time to neutralize the acid and

shaken up with water, whereupon the chloroform takes up the colouring
matter ; the water is removed ;

the chloroform layer filtered from the

biliverdin is evaporated to dryness ; and the residue is purified by
repeated solution in chloroform. The substance thus obtained has a

dark violet colour, is insoluble in water, but dissolves easily, and with
dark violet colour in alcohol, ether, and chloroform. Alkalis dissolve

this pigment with brown violet colour
;
acids with fine blue colour.

The neutral and alkaline solutions exhibit no absorption-bands, but the

slightest trace of any acid brings out the bands a, /3, and 7. Cold

strong sulphuric acid dissolves this pigment, forming a dark-jrreen

solution, from which water throws down green flocks soluble in

alcohol, with green colour, and exhibiting with nitric acid the peculiar

pigment reaction and the accompanying spectral phenomena. The

liquid filtered from these flocks is blue by reflected, violet by trans-

mitted light ; is coloured brown by carbonate of soda
;
not decolorised

by grape-sugar; and, therefore, does not exhibit the characters of indigo.
The pigment corresponding to the absorption-band 7, is obtained

exactly as above, excepting that the action of the nitric acid must be
continued till the bands a and /3, vanish altogether. The substance

thereby obtained is brown-red, and dissolves with fine ruby colour in

alcohol, ether, and chloroform. The colour is not altered by the addition

of alkalis or acids. The acid solution alone exhibits the band 7 (Jaffe).
From human bile, dog's bile, or the alcoholic extract of either, dilute

hydrochloric acid extracts a colouring matter, the red or reddish-yellow
solution of which exhibits a band coinciding in position with 7, but
darker and more sharply defined. By agitation with chloroform and

evaporation, this pigment is obtained as a red residue, which is soluble

in water, alcohol arid chloroform, may be precipitated from its aqueous
solution by chloride of calcium and by neutral or basic acetate of lead,
and dissolved out of the precipitate by dilute hydrochloric acid. Soda-

ley colours the hydrochloric acid solution light-yellow, and after a few
minutes developes a new band near

,
between b and F, the band 7

disappearing at the same time. The solution of the acid pigment in

chloroform likewise exhibits the absorption band 7, but removed a few

degrees nearer to b (Jaffe). Different from this is a blue bile-pigment,
which is sometimes obtained from filtered bile by extraction with chlo-
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roform, treating the chloroform solution with dilute aqueous carbonate
of soda, and neutralizing with hydrochloric acid (Hitter, Deutsche cltem.

Gesellsch. 3, 209).

3. Bilirubin dissolves in oil of vitriol to a brown liquid, which

gradually turns violet-green, and from which water precipitates nearly
black flocks, soluble in alcohol, with fine violet colour. 4. Hot
fuming hydrochloric acid produces dark-brown substances, which do not

dissolve in ammonia after prolonged boiling in the acid. 5. A small

quantity of chlorine-water colours bilirubin dissolved in chloroform a
fine green ; a larger quantity of chlorine bleaches it. A similar effect is

often produced, in the absence of chlorine-water, by commercial chloroform in a state

of decomposition, which produces a green colouring matter, soluble in chloroform
with green colour, but insoluble in ether. 6. Sodium-amalgam reduces the

colour of aqueous alkaline bilirubin to pale-yellow, but does not com-

pletely decolorise it, even when heated (Stadeler).

7. Bilirubin dissolved in alkalis changes colour on exposure to the

air, from absorption of oxygen. When boiled, even without access of

air, the solution acquires a dark greenish-brown colour, and on addition

of hydrochloric acid, deposits dark-green flocks, from which alcohol

takes up biliverdin, leaving behind a dirty-yellow portion (Stadeler).
This transformation occurs also with the impure bile-pigments ; in the case of

Heintz's biliphffiin, it is expressed by the equation, CWHWQ9 + O = C^N-H^O 10

(biliverdin according to Heintz). It is more probable that both water and oxygen
are taken up, thus :

2HO + 2O
Bilirubin Bilirerdin

whilst, without access of air, a second product is formed, thus :

2C32N2H18 6 + 4HO = C32N2H20O6 + CWHW (Stadeler).

Maly, from his earlier experiments, inferred that the conversion of

chlolepyrrhin (bilirubin) into biliverdin was the result, not of absorption
of oxygen, but of elimination of ammonia, and accordingly regarded
biliverdin as an acid, and bilirubin as the corresponding amide. He
now, however, abandons this view, and confirms the statement of

Stadeler, that the formation of biliverdin from bilirubin takes place by
absorption of oxygen, and without elimination of ammonia. This con-

version may be effected by bromine or iodine, by acids with access of air,

by alkalis with access of air ; more quickly on addition of peroxide of
lead (Maly), or by potassio-cupric tartrate (Thudichum). Thudichum

supposes that carbonic acid is given off, but has not actually observed
it: CUNH9 4 + O4 = C 16NH9 4 + 2C02

. Stadeler gives the formula

C**N8H18 6 + O2 = C*N*H18 8
.

a. In contact with bromine-vapour and moist air, bilirubin quickly
turns green. When a dilute alcoholic solution of bromine is dropped into

a solution of bilirubin or chloroform, the colour changes, according to

the quantity of bromine, to green, dark blue which remains unaltered

for weeks, then dirty-violet, dark wine-red, and ultimately light wine-
red the same changes of colour, therefore, as those produced by
nitric acid containing nitrous acid (Maly).

b. W^hen a solution of bilirubin in a mixture of chloroform and

glacial acetic acid is heated in the water-bath in a half-filled sealed

tube, formation of biliverdin takes place, provided the quantity of
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oxygen enclosed is sufficient ; the same transformation is effected by
hydrochloric, but not by sulphurous acid (Maly).

c. An alkaline solution of bilirubin kept from the air over mercury,
remains red-brown for months ; but on admitting oxygen into the

tube, the liquid absorbs it, and turns green. This change from red-

brown to green is more rapidly effected by peroxide of lead, or by
platinum in contact with air, whereas permanganic acid gives rise to

further oxidation (Maly).

Bilirubin is insoluble in water (Stadeler). It dissolves in aqueous
ammonia, forming a deep orange-red solution, from which it is pre-

cipitated unaltered in orange flocks by hydrochloric acid, even after

boiling. The yellow colour of the ammoniacal solution is perceptible
in a two-inch layer of a solution containing only one-millionth part of

bilirubin. Solutions containing xo.Voo^ 1 f *nc substance colour the

skin distinctly yellow. Ammoniacal solutions turn paler and brownish-

yellow in diffused light, and more rapidly in direct sunshine, and are

afterwards not precipitated by hydrochloric acid (Stadeler). See also

Thudiclmm.
Bilirubin dissolves easily in aqueous caustic soda and its carbonate,

with dark orange colour; excess of caustic soda precipitates brown
flocks of the soda-compound. Bilirubin is withdrawn from its solution

in chloroform by agitation with alkaline water (Stadeler).

According to Thudichum, bilirubin forms basic, neutral, and half-

acid salts, viz. : a. Basic, when an ammoniacal solution of bilirubin is

precipitated by a lead or silver salt in excess, b. Neutral, by precipi-
tation of the same solution with baryta or lime salts, c. Half-acid,
when the ammoniacal solution of bilirubin is neutralized with excess of

bilirubin previous to precipitation. Thudichum gives the following
formulae :

Baryta-salt, a.... CWEMaSO 13 = 2C18NH8BaO4 + 4aq.

Lime-salt, a .... (WH^CaK)11 = 2C l8NH8CaO4 + 4aq.

Baryta-salt, b.... C^^H^BaSQ16 = 2C18NH8BaO4 + C18NH 9O4 + 4aq.

Lime-salt, b ....
MH8Hat) 8OM = 2C 18NH8CaO4 + C18NH9G4 + 4aq.

Zinc-salt ............ C54N3H29Zu2O 1(5 = 2C18^H8ZnO4 + C18NH9O4 + 4aq.

Lead-salt ........ C'8NH'Pb2O4
.

Silver-salt, a .... C 18NH7Ag2O4
.

Silver-salt, b .... C18NH8AgO4 + 2aq.

According to Stadeler, bilirubin with the formula C 82N2H18 6 con-

tains as many as 3, or with the double formula C 64N4H36 12
,
as many as

6 atoms of hydrogen replaceable by metals : accordingly Thudichum's

salts may be represented by the following formulae :

Lead-salt . ........ C64N4H3Pb6O12
.

Silver-salt, a ................... .

Baryta-salt, a........,.,,.

Lime-salt, a ......... ..........

Silver-salt, b ., ....... . ..... .,..

Baryta-salt, b .................... CNH*Ba*O
Lime-salt, b .................... CN4HMCa2O12

.

Zinc-salt

Bilirubate ofAmmonia. Dry bilirubin is not altered by dry ammonia

gas, but forms with strong aqueous ammonia a dark-red mass, which
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dissolves in strong alcohol, but not in ether, gives off most of its

ammonia on drying, and leaves bilirubin as a green-brown shining mass

(Thudichum).

Silirubate of Baryta, a. From ammoniacal bilirubin, chloride of

barium throws down a greenish-brown precipitate which dries up at

100 to a dark-brown powder. Contains 44-58 p. c. C., 3'98 II., 27-56

Ba., and is therefore C^IPWO 13

(calc. 43*46 p. c. C., 4'02 II., 27-56

Ba.) Thudichum. Stadeler's formula requires 26-53 p. c. Ba.

b. Obtained as a brown-red precipitate in the same manner as
,

but from a solution not containing excess of ammonia. Contains at

100 51-50 p. c. C., 4-65 II., 20-63 Ba. Calc. for C 54N3H29Ba2 1<; =
C*NEPBasOu + C 18NH9 4 = 49-09 p. c. C., 4-39 II., 20-75 Ba. (Thudi-

chum); for CN4HBaOl*= 19-38 Ba. (Stadeler).

Silirubate of Lime. a. Red precipitate thrown down by chloride of

calcium from an ammoniacal solution of bilirubin. Contains at 100,
according to Thudichum, 52-35 to 54-96 p. c. C., 4-65 to 5-04 I!., 9-63 to

11-02 Ca. (calc. for C36NaH20Caa 18 = 54-0 p. c. C., 5-0 H. and 10-0 Ca.)-

According to Stadeler it contains 9*10 p. c. Ca., and is represented by
the formula C^H^CaO

12
; calc. 9-54 Ca.

b. The precipitate obtained from neutral solutions contains 60*37

p.c. C., 5-74 H., 6-79 to 7'03 Ca., and is therefore C 54N 3H29Ca2 16

(calc. 57-54 C., 5-15 H., 7'1 Ca.) Thudichum. Stadeler's formula,
.C
MN 4R34Ca2 12

requires 6-56 p. c. Ca.

Silirubate of Zinc. Reddish-brown precipitate, containing at 100
11*3 to 12-03 p.c. zinc; perfectly insoluble in water. According to

Thudichum, CMN 3H29Zn2 lfl

(calc.
= 11-5 Zn.); according to Stadeler,

C^X'H^ZiiH)12

(calc.
= 10-24 Zn.).

Silirubate of Lead. The precipitate formed by excess of neutral

lead acetate contains, when dried at 100, 58*15 p. c. lead (calc.
for C 18NH7Pb2 4 = 56-25 Pb.), Thudichum. According to Stadeler,
C64N4H3oPb6 i2 with 52-32 p. c. Pb.

Silirubate of Silver, a. With a comparatively large quantity of silver.

When the clear mixture of ammoniacal bilirubin and excess of silver

nitrate is neutralized with nitric acid, the resulting precipitate contains

55'86 to 56*81 p.c. Ag. b. With a comparatively small quantity ofsilver.

Reddish-brown precipitate thrown down by nitrate of silver from
ammoniacal bilirubin made as neutral as possible. Contains on the

average 37-39 p, c. Ag. (Thudichum).
a is, according to Thudichum, C 18NH7Ag8 4

(calc. = 57*29 p.c. Ag.).
b = C 19NH8Ag04 + 2aq. (calc. = 37*50Ag.). Stadeler gives the formulae

C64N4H3oAg6 i2
(Calc< = 53 .38 p> c> Ag>) ?

and C 64N4 ll33Ag3 12

(calc. =
36*28 Ag.).

Bilirubin dissolves in traces only in boiling glacial acetic acid and in

ether. It is slightly soluble in hot but nearly insoluble in cold alcohol.

Amorphous bilirubin dissolves easily in cold chloroform, with yellow to

pale orange-red colour : the crystalline substance dissolves on boiling.
If the chloroform contains acid decomposition-products, as is frequently
the case with that met with in commerce, the solution is of a fine green
colour (Strecker). According to Thudichum, it dissolves in 586 parts
of chloroform, forming a dark-red solution which turns brown and black

on exposure to sunshine. Bilirubin dissolves in sulphide of carbon and
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benzol, and in hot oil of turpentine and oil of almonds (Strecker).

According to Maly it dissolves very slightly in benzol and petroleum,
somewhat more freely in hot fusel-oil, fat oils, and glycerin, not in

albumin or saliva.

2. Biliverdin.

Cholechlorin.

Occurs in human bile, but not in human gall-stones (Stadeler).

According to Berzelius it is identical with leaf-green (xvii, 3), and like that sub-

stance can be obtained in three modifications. Barruel (Ann. Scienc. natur., 19,

384) likewise finds the colouring matter of bile to resemble leaf-green very closely,
and according to Filhol (J. Chim. med. 1862 ; Pharm. Vlertelj, 12, 557) this colour-

ing matter, as well as that of the yolk of egg, may, like leaf-green, be resolved into

blue and yellow. But bilivcrdiu exhibits neither the fluorescence nor the absorption
bands of leaf-green, from, which it is thus sufficiently distinguished by its optical

properties (Stokes, Phil. Mag. 28, 63; Chem. Centr. 1865, 64).

Formation. From bilirubin by oxidation. See p. 74.

When a solution of bilirubin in excess of soda-ley is exposed to the

air in shallow dishes till it turns green, or when the red alkaline solu-

tion is boiled till it appears of a greenish-brown colour, hydrochloric
acid throws down therefrom a splendid green precipitate of biliverdin,

which is purified by dissolving it in alcohol (Stadeler). Heintz treats

crude bile-brown in a similar manner. The biliphsein remaining unaltered

may be extracted by chloroform (Briicke). Thudichum prepares
biliverdin either by passing air into a hot alkaline solution of bilirubiii,

or by boiling bilirubin with potassio-cupric tartrate, wherebj
T a preci-

pitate of cuprous oxide containing biliverdin is obtained.. Maly mixes

a solution of bilirubin in chloroform with glacial acetic acid, and heats

it in the water-bath in half-filled sealed tubes. Or he mixes alkaline

bilirubin with peroxide of lead
; precipitates biliverdin -lead by super-

saturation with acetic acid ; decomposes the precipitate with alcohol

containing sulphuric acid ;
and precipitates the filtrate with water.

Nearly black substance, yielding a dark-green powder. Inodorous

and tasteless (Heintz).

According to Stadeler. Heintz.

32 C 192 60-00 60'04

2N 28 8-75 8-53

20 H 20 6-25 5'84

10 O... 80 25-00 25-59

320 . lOO'OO lOO'OO

Thudichum. Maly.

According to Thudichum.
,

mean. at 100.

16 C 96 63-57 62'43 6375
N 14 9-27 9-34 875
9H 9 5-96 6-13 6'01
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A concentrated alcoholic solution of biliverdin transmits only the

green of the spectrum ;
a somewhat more dilute solution transmits

also the yellow, orange, and part of the red, afterwards the blue and
violet ; very dilute solutions absorb the extreme red (Maly).

Biliverdin melts when heated and leaves on decomposition a large

quantity of charcoal (Heintz). Nitric acid containing nitrous acid

colours it blue, violet, red, and ultimately dirty yellow (Heintz). On
boiling it with nitric acid, nitrous gas is evolved, and water added to

the resulting solution throws down a yellow nitro-compound crystal-
lisable from alcohol, while a fixed acid remains, yielding a crystalline
silver-salt. Peroxide of lead boiled with alcoholic biliverdin produces
a brown substance

; it colours ammouiacal biliverdin brown-red

(Thudichum).
Reducing agents, such as sulphuretted hydrogen, zinc in acid solution,

sodium amalgam in alkaline solution, alter biliverdin to a certain extent,
but do not reconvert it into bilirubin. Iodine converts biliverdin into a
black resin. Chlorine decomposes it immediately, forming yellowish
flocks or resins containing chlorine, and partly soluble in chloroform

(Thudichum).
When an alcoholic solution of biliverdin is treated with silver oxide,

a purple substance, bilipurpin, is formed, but remains combined with
the excess of silver oxide; ammonia dissolves this compound, and

hydrochloric acid added to the solution sets the bilipurpin free. A
delicate test for bile-pigments is obtained by boiling the substance
under examination with an ammoniacal solution of silver oxide, filter-

ing, and acidulating with hydrochloric acid, whereupon, if bile-

pigments are present, a purple colour will be produced. By the

prolonged action of silver oxide, bilipurpin is converted into a yellow
substance, biliflavin. Mercuric oxide does not act sensibly on biliverdin ;

peroxides act upon it in the same manner as silver oxide (Thudichum).
Biliverdin is insoluble in cold water, and colours boiling water only

faintly green (Heintz). It dissolves in boiling hydrochloric acid with

dirty brownish-green colour (Berzelius ; Hein). It dissolves in aqueous
caustic alkalis and their carbonates, forming green solutions, from which
it is precipitated by acids (Heintz) ;

the alkaline solutions gradually
turn brown, from formation of biliprasin (Stadeler).

Chloride of barium throws down green flocks from the ammoniacal
solution (Heintz). The lime-compound is likewise insoluble in water.

The lead-salt is completely thrown down from alcoholic biliverdin in

the form of a green precipitate (Maly).
According to Thudichum, biliverdin is not thrown down from its

ammoniacal solution by chloride of barium or calcium ; but from the

alcoholic solution, baryta-water and lime-water throw down black-

green precipitates, so likewise do the acetates of lead, mercury, and

copper. The barium and calcium precipitates are soluble in water ;

the rest may be washed with water without decomposition. The
barium salt gave by analysis 49-20 and 49-39 p. c. C., 4-34 and 4-43 H.,
22-15 and 22-67 Ba, whence Thudichum deduces the formula :

C^N'H^Ba'O 14 or 2BaO,3C 16NH9 4
(calc. 47-52 C., 4-45 H., 22-60 Ba). The

calcium salt gave by analysis (in mean numbers) 62*19 p. c. C., 5*74 H.,
and 5-64 Ca, whence Thudichum deduces the formula, C 144N 9H77Ca4 36

.

Biliverdin dissolves in oil of vitriol, and is precipitated by water

(Maly). It dissolves easily in alcohol, forming fine dark-green solu-

tions precipitable by water (Stadeler), becoming grass-green on addi-
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tion of the smallest quantity of acid (Maty). Insoluble in ether and in

chloroform (Stadeler). Dissolves easily in methyl alcohol, but is in-

soluble in sulphide of carbon and in benzol, very slightly soluble in amyl
alcohol and iodide of ethyl, soluble in the latter and in chloroform in

presence of alcohol. Soluble in glacial acetic acid (Maly).

3. Bilifuscin.

Obtained by evaporating its alcoholic solution (p. 71) and washing
the residue with ether, which, however, dissolves bilifuscin as well as

fatty acids. The product is freed from adhering bilirubin by wash-

ing with chloroform, then dissolved in alcohol and evaporated.
Nearly black, shining, brittle mass, triturable to a dark olive-brown

powder. When heated, or when treated with nitric acid, it behaves
like bilirubin. It is insoluble in water, but dissolves easily in aqueous
ammonia or soda, with dark-brown colour, which is not changed to

green by hydrochloric acid. The solution in soda-ley decomposes in

the air. The ammoniacal solution is precipitated in dark-brown flocks

by chloride of calcium. Bilifuscin is easily soluble in alcohol, with

deep-brown colour ; nearly insoluble in ether and chloroform (Stadeler).

32 C
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5. Bilihumin.

This substance remains undissolved when gall-stones are treated

successively with ether, water, aqueous acids, chloroform, alcohol, and
weak ammonia, but is still contaminated with mucus, epithelium, and
other bodies. It is digested, in the moist state, in moderately strong
aqueous ammonia, at 50 to 60, so long as that liquid takes up any-
thing of importance ; the filtrate is precipitated with hydrochloric acid,
and the precipitate is washed and boiled repeatedly with alcohol. The
product still contains ash-constituents. Black powder, with a tinge
of olive after drying. It dissolves very slowly in aqueous ammonia
and in warm dilute soda-ley, forming a deep brown solution which is

coloured like that of biliverdin by addition of alcohol and nitric acid

containing nitrous acid, the red colour being especially distinct

(Stadeler).

Green pigment from the Gall-stone of an Ox. Extracted from the
triturated gall-stone, after exhaustion with water, alcohol, and ether,

by carbonate of soda, and precipitated from the brown alkaline solution

by hydrochloric acid. The green flocks thus obtained were freed from
a yellow impurity insoluble in alcohol, by dissolving them in ether,

evaporating to perfect dryness, and taking up the residue with
alcohol. Dark-green powder, containing, to 32 at. C., 2-5 at. j\.,

18-5 H., and 10 0., and consequently richer in nitrogen than the pigment
of human bile. Gives the pigment-reaction with nitric acid. Dissolves

in aqueous alkalis with brown colour, in alcohol with green colour, and

sparingly in ether (Stadeler, Ann. Pharm. 132, 349).

The pigment of Serpent's bile (from Python amethystinus) resembles
biliverdin. Berzelius exhausted the inspissated bile witli cold alcohol,
boiled the residue with ammoniacal alcohol, and evaporated the solu-

tion, whereupon the colouring matter remained as a greenish-black,

hard, tasteless mass, free from ammonia. It gives the pigment-reac-
tion with nitric acid, and dissolves in potash-ley, forming a dark-green
solution, from which acids precipitate green flocks. It is soluble also

in acetic acid, the solution being coloured yellow by water
;

in cold,
and more freely in hot alcohol, but not in ether (Berzelius, Pogg.
18, 88).

Bizio (Brugn. Giom. 15, 453
; Schw. 37, 110) obtained from an un-

healthy bile, green crystals having peculiar properties, to which he

gave the name erythrogen. See the third German edition of this Handbook,
2, 1160.

The pigment of Pig's bile is precipitated, together with mucus and

hyoglycocholic acid, by acetic acid. The precipitate is lemon-yellow
and dissolves in alcohol, forming a solution of a golden-yellow colour,
which on exposure to the air, gradually changes to dark-green, and

ultimately to blood-red. These colours are produced more rapidly by
warming the solution with a little hydrochloric acid. The red colour

dissolves in ether (Strecker).

Green pigment from Jaundiced Urine. This urine, which is of a

yellow to brown colour when fresh, becomes darker, and often green,
on standing. The urine, freed from mucus and uric acid by filtration,

is precipitated with chloride of barium. The pale-green precipitate is
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collected, washed, and decomposed (a) by boiling with aqueous soda.

The yellow solution thus obtained is precipitated with hydrochloric
acid ; the precipitate is separated by filtration, and dissolved in ether-

alcohol ; and the solution is slowly evaporated, the pigment being then

left as a friable dark-green mass, which is to be freed from hydrochloric
acid by washing with water. Or (b) the baryta precipitate is decomposed
with hydrochloric acid and alcohol, the filtrate evaporated, the residue

washed with water and dissolved in ether-alcohol, the solution

evaporated, and the residue again washed with water. Fine dark-

green powder. When submitted to prolonged digestion with hydro-
chloric acid, or when gently warmed with alkalis for some time, it

gradually turns blackish-brown. In both cases it loses the property of

giving the pigment-reaction with nitric acid, and becomes more soluble

in water and less soluble in alcohol. After digestion with hydrochloric
acid for fourteen days it has the composition c, and after treatment

with warm alkalis for fourteen days the composition d. The pigment
is nearly insoluble in water, but dissolves easily in aqueous alkalis

with yellowish-brown colour, in aqueous and absolute alcohol, and

sparingly in ether (Scherer, Ann. Pharm. 53, 377).

c
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The wax from New Granada, Cire des Andaquies, after being treated

with boiling water, melts at 77, is of sp. gr. 0-917 at 0, and contains

81-06 p. c. C., 13-55 H., and 4-79 0. It is composed of 50 p. c. of palm-

wax, 45 p. c. of cerosin, and 5 p. c, of a substance allied to cerolein.

On boiling it with 15 or 16 parts of alcohol, the cerosin is dissolved

and separates in the form of a jelly on cooling (Lewy).
Delicate, pearly laminee, which do not produce a greasy stain on

paper (Dumas). Yellowish, very hard,- of smooth fracture, and tri-

turable to a white powder. Sp. gr. 0-961 at 16. Melts at 82 and

solidifies at 80, crystallising in needles during the partial solidification

of large quantities. Permanent in the air (Avequin ; Lewy).

Lewy.
Ace

48 C
48 H
2O
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see Hanbury (N. Jahrb. Pharm. 19, 77). According to Wittstein, Peschier's

gingkoic acid must be regarded as impure acetic acid.

The ethereal extract of the fruit leaves on evaporation a yellow
acid oil which solidifies to a crystalline mass on cooling

1

. The crystals
are coloured brown, and cannot be decolorised by animal charcoal, and

only partially by treating the lead-salt with hydrosulphuric acid. They
have an acid reaction, melt at 35 and solidify at 10. They form a

soap with potash-ley ; a baryta-salt sparingly soluble in water, but

easily soluble in alcohol ;
a yellow sticky lead-salt ; and a silver-salt

containing 22-72 p. c. of silver (calc. for C48H47Ag04
requires 22-74

p. c. Ag.), insoluble in alcohol and very slightly soluble in ether.

48 C
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Decompositions. Alcoholic laserpitin turns brown when heated with

strong potash-ley, and breaks up into laserol and angelic acid.

+ 2HO = C^EPO8 + 2C10H8 4
.

If the solution be heated till the whole of the alcohol is expelled and then mixed
with an excess of dilute sulphuric acid, brown resinous flocks are deposited, of which

a further quantity is obtained on distilling off the angelic acid. These flocks dissolve

in alcohol with red-brown colour, and are deposited from the solution on evapora-
tion in yellow amorphous grains, which afterwards become crystalline and cannot be

decolorised by animal charcoal. They taste acrid and peppery, dissolve in alcohol and

ether, and form with potash-ley a yellow solution, from which acids throw down an

amorphous precipitate. This body is Feldmann's laserol. After drying over oil of

vitriol it contains 65'85 p. c. C., and 8'76 H., corresponding to the formula C^H^O8

(calc. 66-14 p. c. C., 8'66 H.).

Laserpitin heated with caustic potash evolves an odour of mint.

It is not affected by dry hydrochloric acid gas. When heated to 150

with fuming hydrochloric acid, it is partially dissolved, with cherry-red

colour, the residue melting to a brown resin. Dilute sulphuric likewise

effects no splitting up of the body, even at 250. Its cherry-red solu-

tion in oil of vitriol and the solution in fuming nitric acid yield white

precipitates on addition of water.

Laserpitin is insoluble in cold and boiling water, in dilute and strong

acids, including glacial acetic acid, and in aqueous ammonia, potash and

soda.

It dissolves in 12'34 parts of bisulphide of carbon, easily in chloro-

form, in 9 parts of absolute alcohol, in 21-73 parts of 85 p.c. alcohol,

and in 3'6 parts of ether. When rapidly evaporated, these solutions

leave amorphous laserpitin, which melts more easily than the crystal-
lised substance, and is more readily dissolved. The alcoholic solution

is rendered milky by water, and deposits microscopic crystals, which

combine in curdy masses when shaken. The alcoholic solution is not

precipitated by iodide of potassium, neutral acetate of lead, corrosive

sublimate, or nitrate of silver.

Laserpitin dissolves easily in benzene, oil of turpentine, and/atf oils.

2. Coniferin.

C48H32 24
.

W. KUBEL. J. pr. Chem. 97, 243.

Discovered by Th. Hartig ; investigated by Kubel. Occurs in the

cambium of pine and fir trees, more especially the following: Abies

excelsa and A. pectinata, Pinus Strobus, P. Cembra, Larix europea.

Preparation. From the cambium obtained from trees felled and

peeled at the time of the formation of new wood. The cambium is

scraped off the surface of the wood, and the scrapings are pressed.
The sap is heated to boiling, and filtered to separate coagulated

albumin and other substances ; the filtrate is evaporated down to \ th ;

and the crystals which form after cooling are purified by recrystallisa-

tion from boiling water and weak spirit, with the help of animal char-
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coal. The crystals are dehydrated by drying at 100. Melts at 185
and solidifies in a glassy mass.

Kubel.

48 C
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with a little water and decomposed by digesting its alcoholic solution

with carbonate of baryta. The resulting precipitate contains sulphate
and carbonate of baryta, and solanidine, the last of which is extracted.

from the washed and dried mixture by boiling absolute alcohol. The
alcoholic solution, when cooled and concentrated, deposits the solani-

dine, first in white, afterwards in yellowish crystals, which are sepa-
rated from any undecomposed solanine by dissolving them in ether,
and purified by recrystallisation from ether (Zwenger & Kind). Or,
solanine is decomposed by boiling with dilute hydrochloric acid ; the

hydrochlorate of solanidine which separates is purified by dissolving it

in alcohol and precipitating with ether ; an alcoholic solution of the

purified salt is decomposed with ammonia, and the precipitate is crystal-
lised from alcohol and ether (Zwenger & Kind).

When dilute acids are employed for the extraction of solanine, the crude pro-
duct leaves a crystalline residue of hydrochlorate of solanidine, on treating it with

hydrochloric acid (O. G-melin).

Properties. Long, colourless, very delicate silky needles, or, as

occasionally obtained from ether, shorter four-sided prisms. It does
not undergo alteration at 100, but melts at 200 [a little above 200

(Kromayer)] to a yellowish mass, which solidifies in radiated crystals.
At a higher temperature it sublimes, leaving very little charcoal. Its

alcoholic solution is bitter and acrid, but the solid substance is nearly
tasteless. It is more strongly alkaline than solanine.

Dried in a vaa

50 C 300 ..
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Sulphate of Solanidine. Both the mono-acid and the bi-acid salt

are difficult to isolate, but combine together in varying proportions
(Zwenger & Kind).

a. AVhen alcohol containing sulphuric acid is mixed with excess of

solanidine, and the strongly acid filtrate is precipitated with ether, the

precipitate contains 11*55 p. c. of sulphuric acid, corresponding to a

compound of 3 atoms of the mono-acid with 1 atom of the bi-acid salt

(by calc. 11 '59 p. c. SO3

). When the solution is evaporated in a
vacuum or over the water-bath, it becomes turbid from separation of

solanidine, after the removal of which there remains a gummy residue.
b. A solution of solanidine in excess of alcoholic sulphuric acid

deposits, on evaporation of the alcohol, fine needles containing 12-23

p. c. of sulphuric acid at 100, which represents a compound of 2 atoms
of the mono-acid with 1 atom of the bi-acid salt (by calc. 12-25 p. c. SO3

).

On exposure to the air, these crystals lose their water and are converted
into a translucent amorphous mass, which again becomes crystalline
under water. The crystals dissolve in alcohol, less freely in water,
and are thrown down by oil of vitriol as a white precipitate, or from
hot solutions 'as a white resin.

c. The sulphate of solanidine obtained in the decomposition of sola-

nine by sulphuric acid, after being washed, dissolved in alcohol, and

precipitated by ether, contains at 100, 13-11 p. c. of sulphuric acid, or

equal numbers of atoms of the mono-acid and bi-acid salts (by calc.

13-11 p. c. SO3

) (Zwenger & Kind).

Hydrochlorate of Solanidine. Obtained by adding ether to a solu-

tion of solanidine in alcoholic hydrochloric acid till turbidity is produced,
and allowing the mixture to stand, whereupon crystals make their ap-

pearance (Zweuger & Kind). Or by precipitating the above solution

with water and crystallising the precipitate from alcohol (0. Gmelin).
Rhombic prisms with end-faces and bevelling of the brachydome. Melts
with great difficulty. Volatilises undecomposed below its melting-

point in white vapours, which condense in crystals. Dissolves very
slightly in water and aqueous hydrochloric acid, easily in alcohol, but
is insoluble in ether (Zwenger & Kind).

50 C
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with sufficient warm water to cause turbidity. Yellow powder, made
up of microscopic globules. It is very slightly soluble in water,
but dissolves in alcohol, first becoming soft and transparent (Zwenger
& Kind).

Dried at 100. Zwenger & Kind.

50 C 300 52-16 52'00
N 14 2-42 2-38

40 H 40 6-95 7'23
20 16 2-81
3 Cl 106-5 18-51
Pb 98-7 17-15 16-94

C5oNH39 2
)HC1)PbC1

2 575-2 100-00

Solanidine dissolves easily in warm strong alcohol, and in cold ether

(Zwenger & Kind). It is soluble in benzene (Kromayer).

Conjugated Compounds of Solanidine.

1. Solanicine,

C100N2H76 2 = CWNH38
0,C

60NH880.

ZWEXGER & KIND. Ann. Pharm. 123, 341.

Formation. By the action of cold strong acids on solanine, the
Solanidine first formed being partially converted into solanicine, with
elimination of water.

Preparation. Solanine is digested with cold fuming hydrochloric
acid for four or five days, or until a reddish-brown gummy precipitate
of impure solanicine hydrochlorate is deposited. This precipitate is col-

lected and once washed with water, and its alcoholic solution is decom-

posed with ammonia, which throws down solanicine as a yellow jelly.
The crude product thus obtained is washed, dried, triturated, freed

from undecomposed solanine and solanidine by boiling with alcohol,

afterwards digested with ether, and treated with fresh portions of cold

ether, till that liquid remains almost colourless and leaves only a very
small quantity of crystalline flocks on evaporation. The solanicine

remaining undissolved is purified by dissolving it in alcohol containing

hydrochloric acid, precipitating with ammonia, and washing with
water.

In this process the ether takes up an amorphous yellow resin, which may be

separated from solanicine taken up at the same time by dissolving it in a small

quantity of ether. It contains 79'29 to 80'80 p. c. C., 3'13 to 3'40 N., and 10'50 to

10'80 H., and in the platinum-salt 16*83 p. c. of platinum, and has consequently
nearly the same composition as solanidine. According to Zwenger and Kind, it is

to be regarded as modified solanidine. When cautiously heated in a current of car-

bonic acid, it yields, amongst other products, crystals of solanidine, but forms amor-

phous salts, easily soluble in water and alcohol. When left to stand in ethereal

solution, or when dried at high temperatures, it becomes insoluble in ether, but more

easily soluble in alcohol.

Properties. Amorphous pale-yellow mass, translucent in thin layers,



SOLANIC1NE. 89

obtained from ether in fine needles or yellowish crystalline flocks.

Nearly tasteless, and of very faint alkaline reaction.

50 C
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2
.

2. Glucoside of Solanidine.

Solanine.

= C 50NH39 2
,3C

12H10 10
.
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Discovered by Desfosses, in 1821, in Solanum nigrum and S. Dulca-

mara, and by Baup in the shoots of the potato. The alkaloid from the
latter source (the identity of which with that of Desfosses is question-

able) has been investigated chiefly by Otto, and more recently by
Zwenger and Kind. It was found to be a conjugated sugar-compound
by 0. G-melin and by Zwenger and Kind simultaneously.

Source. In potatoes, existing in smaller quantity in the tubers than
in the shoots (Banp, Ann. Chim. Phys. 31, 109). Most abundantly in

the two-inch shoots, also in the herb and tubers, but not in the peel
(Otto). According to Heumann (Repert. 74, 125) it is found in the

unripe green fruits of the potato, but according to Desfosses it is not.

10,000 parts of the following substances contain the accompanying
amounts of solanine : potato herb, 0'67 ; tubers in July, O'Oo pt.
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(Baumann); diseased tubers, 0'27 pt. (Wackenroder and Weber,
N. Br. Arch. 48, 157); healthy tubers, 1-5 pt., amorphous; shoots,
6-8 parts crystalline (J. Wolff, Pharm. Viertelj. 2, 503). Old and new

potatoes contain solanine even after the complete removal of the eyes.
The amount in 10,000 parts (a) on the 1st of May, and (I) on the 1st

of July, is as follows : whole potatoes (b) 7*4 parts ;
without the eyes,

(a) 3-2, (b) 4-2 parts ; potato-peel (a) 3-8, (b) 4-8 ; peeled potatoes (a)

2-4, (b) 3-2 parts (Haaf, N. Repert. 13, 560 ; Chem. Centr. 1865, 749).
These statements require confirmation (Kr,). Solanioe volatilises with

the water in which potatoes are boiled (Baumann), and occurs unde-

composed in the still-refuse from which potato-spirit has been distilled

(Otto). See also Michaelis (N. Br. Arch. 13, 233).
Solanine occurs in the berries, but not in the leaves, of Solanum

nigrum ; in the berries, leaves, and stalks of Solanum Dulcamara (Des-
fosses ; Henry), and of S. verbascifolium (Payen and Chevallier) ; in

S. mammosum [especially in the berries (Morin, J. Chim. med. 1, 84)] and

S.ferox, but not in European species (Pelletier, J. Pharm. 14, 256).

According to Winckler, solanine from the stalks of Solanum Dulcamara
differs from that of potatoes. The former is said to be amorphous,
soluble in absolute alcohol, and in nearly all proportions of 80 p. c.

alcohol, and when dissolved in hydrochloric acid to give a white pre-

cipitate with mercuric chloride, whereas the solanine obtained from

potato-shoots is crystalline, sparingly soluble in cold, and more freely
in hot alcohol, and does not precipitate mercuric chloride. Hassold
made similar observations (Repert. 94, 70). Wittstein, however, ob-

tained from dulcamara stalks, ordinary, though amorphous solanine.

Ileumann found the solanine of green potato-seeds to resemble that of

the berries of Solanum nigrum ; but according to Moitessier, the bases

obtained from Solanum nigrum, S. Dulcamara, and S. tiiberosum differ

greatly. Moitessier's statements respecting solanine from dulcamara
were not confirmed by 0. Gmelin's examination of potato solanine ;

moreover, the latter chemist, who had previously obtained ordinary
solanine from potato-shoots, afterwards obtained from these shoots,
and from the berries of Solanum Dulcamara and S. nigrum, indistinctly

crystalline substances, differing in composition from ordinary solanine,
and yielding with sulphuric acid a much smaller quantity of sugar.
But inasmuch as all these statements were made before solanidine was
sufficiently known, and as potato-shoots yield, sometimes crystalline,
sometimes amorphous solanine, the subject requires further investi-

gation.
Pfaff (Mater, med. 6, 505) described as picroglycion that portion of

the aqueous extract of bitter-sweet stalks which is soluble in alcohol ;

probably a mixture of solanine and sugar. The didcamarin of Blitz

(N. Tr. 18, 1, 197) is a similar mixture. Spatzier's solanine from

potato-sap (Schw. 61, 311) is phosphate of ammonia and magnesia
(Dobereiner, Schw. 62, 99), with about 1 p. c. of solanine (Buchner,

Eepert. 48, 337). Vauquelin (J. Phys. 85, 11 3) obtained a potato-resin.
On the acid of potatoes, Peschier's solanic acid, see x, 207.

Preparation. Fromfresh Potato-shoots, not too much developed. 1 . The com-
minuted shoots are exhausted with water slightly acidified with sul-

phuric acid ; the acid liquid is supersaturated with ammonia and heated
to boiling; and the precipitate thereby formed is collected, dried,

powdered, and washed with water so long as it gives up colouring
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matter. The residue is purified by dissolving it in common vinegar,

neutralising the solution with ammonia, and boiling. The precipitate
is collected, washed, powdered, and boiled for a few minutes with 60
times its weight of 85 p. c. alcohol. The pale-brown liquid, filtered

while hot, solidifies to a jelly on cooling, whilst the residue on the

filter, when again boiled with an equal quantity of alcohol, yields a

colourless filtrate, which deposits crystals on standing for a few minutes.

The jelly first obtained is washed with ammonia-water so long as the

liquid is coloured, then heated to boiling with alcohol, and allowed to

cool on a sand-bath heated to 50. The crystals of solanine deposited
after standing for 24 hours, together with those previously obtained,
are purified by washing with alcohol (Reuling ; Zwenger & Kind).
2. Fresh shoots, whole, are digested for 24 hours in water acidified

with sulphuric acid, the liquid is decanted, and the now tasteless residue

is pressed. The liquid thus obtained is concentrated by digesting in it

a fresh portion of the shoots, then strained, and mixed with hydrate of

lime to alkaline reaction. The precipitate thereby produced is dried

and powdered, and the solanine is extracted from it by repeated boiling
with alcohol (Wackenroder). Baumann employs hydrochloric instead of sul-

phuric acid. If the lime be cautiously added, so that in the first place only the

free acid is neutralised, the precipitate afterwards formed is nearly free from sulphate
of lime (Meurer, N. Br. Arch. 40, 276).

The fresh shoots, bruised, are exhausted with hot water contain-

ing sulphuric acid ; the extract is precipitated with neutral acetate of

lead ;
excess of lead is removed by means of sulphuric acid ;

and the

hot filtrate is precipitated with milk of lime. From this precipitate the

solanine is extracted by repeated boiling with alcohol, the crystals

deposited from the first decoction being less pure than those obtained

afterwards (Otto). In this way Otto obtained in his earlier experiments crystal-

lised solanine, but subsequently only a gelatinous solanine, which could not be made
to crystallise. According to Eeuling, however, the conversion of the jelly into

crystals is effected by washing with aqueous ammonia ; and, according to Wacken-

roder, by dissolving the jelly in sulphuric acid and precipitating with lime.

Inasmuch as solanine prepared with acids may contain solanidine,

it must be purified by dissolving it in cold, moderately strong Irydro-

chloric acid, which leaves solanidine undissolved as hydrochlorate

(Zwenger & Kind). Or solanine, free from solanidine, may be obtained

by beating potato-shoots to a pulp, expressing, precipitating the liquid

with milk of lime, and exhausting the precipitate with boiling alcohol.

By exhausting the expressed shoots with water containing sulphuric

acid, a gelatinous mixture of solanine and solanidine is obtained, from

which solanidine may be prepared by boiling with hydrochloric acid

(Kromayer).
Desfosses precipitates the filtered juice of the berries of Solanum

nigrum with ammonia, washes the grey precipitate with cold water,
boils it with alcohol, and obtains the solanine partly by cooling, partly

by evaporating the alcoholic liquid. Payen & Chevallier boil the

bruised dry berries of Solanum verbascifolium with alcohol, evaporate
the decoction, dissolve the extract in water, wash the resin which

separates, and precipitate the solanine from the aqueous liquid by
digesting it with magnesia. From this precipitate the solanine is ex-

tracted by boiling alcohol. Heintz exhausts the powdered stalks of

bitter-sweet with alcohol containing sulphuric acid, digests the tincture

with lime, filters, distils off the alcohol, washes the residue with water,
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dissolves it in dilute sulphuric acid, and precipitates with ammonia.
The solanine is extracted from the precipitate by alcohol, and is then

to be freed from leaf-green by means of ether.

Properties. White, opaque, somewhat pearly powder (Desfosses).

Very delicate, colourless, silky needles, appearing under the microscope
as four-sided rectangular prisms (Zwenger & Kind; Payen & Chevallier).
It turns yellow when heated, and melts at 235 (Zwenger & Kind)

[above 100 (Desfosses)] to a lemon-yellow mass, which solidifies in

the amorphous state on cooling. Inodorous. Tastes faintly bitter,
and rather burning (Zwenger & Kind) ; somewhat acrid (Otto). In
animals it causes vomiting and afterwards sleep (Desfosses). It is

an acrid narcotic poison ;
one grain killed a rabbit in 6 hours, and

3 grains a larger rabbit in 9 hours, producing paralysis of the hinder

extremities (Otto). See also Baumann, who found solanine to act powerfully,
but not fatally. Has a faintly alkaline reaction. On the microscopic detec-

tion of solanine see Erhard (N. Jahrb. Pharm. 26, 129).

Zwenger.
Dried in a vacuum. Blanchet. O. Gmelin. & Kind.

or at 130. mean. Moitessier. mean. mean.

86 C 516 .... 60-35 .... 61-14 .... 60'79 62-19 .... 60'01

N 14 .... 1-63 3-61 1-37

69 H 69 .... 8-07 .... 8'90 .... 8'51 8'72 .... 8'40

32 256 .... 29-95 27'09 30'22

.... 855 .... 100-00 100-00 100-00

Earlier formulae : C^H^O28
(Blanchet) ; C^NH^O 14

(Moitessier) ;

(O. G-melin) ; C^H^O 14
(Delffs, N. Jahrb. Pharm. 11, 356). O. G-melin doubts the

fact of solanine containing nitrogen. The above formula contains 1 atom of

hydrogen less than that of Zwenger & Kind, C86NH7 O32
,
which is not admissible,

because the sum of the hydrogen and nitrogen atoms is an uneven number. If

solanine contained 71 atoms of hydrogen (calc. 60'21 p. c. C., 8'28 H.) solanicine

would contain 40 atoms of hydrogen, an amount which appears from Zwenger &
Kind's analyses of that body to be improbable. These considerations lead to the

adoption of the formula for solanine given above (Kr.) .

Decompositions. 1. Solanine undergoes decomposition when heated

above its melting-point, evolving an odour of caramel, and yielding a

crystalline sublimate of solanidine. When submitted to rapid dry dis-

tillation, it yields an acid viscid distillate, holding solanidine in solution

(Zwenger & Kind). When cautiously heated on platinum-foil, covered
with an object-holder in the manner described under strychnine (xvii,

483), solanine yields a sublimate which is at first mostly crystalline,
but afterwards granular. The crystals consist of delicate tufts of

needles, which are not affected by pure water or by water containing
ammonia, and are not dissolved by hydrochloric acid, but partially con-

verted into octahedra by prolonged contact with the latter reagent
(Helwig, Anal. Zeitschr. 3, 55). 2. When heated in the air, solanine

burns with smoky flame, leaving porous, easily combustible charcoal

(Zwenger & Kind).

3. Solanine heated or boiled with dilute hydrochloric or sulphuric

acid, breaks up into dextroglucose, which remains in solution, and

solanidine, which crystallises out as hydrochlorate or sulphate :

+ 6HO (Zwenger & Kind).
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One hundred parts of solanine yield 65*3 parts of sugar (0. Gmelin)
(by calc. 63*1 parts C12H12 12

).
Sometimes the solanidine salt is

deposited in the form of a resin, which turns crystalline under water.
The same splitting up is effected by oxalic, but not by acetic acid

(Zwenger & Kind).
Less dilute acids, acting in the cold, produce solanicine and modified

solanidine, instead of solanidine, the originally clear solution deposit-

ing a yellowish precipitate, and acquiring a fine red, afterwards yellow
colour (Zwenger & Kind).

4. Solanine dissolves easily in strong nitric acid, forming a colour-

less solution, which acquires on standing a fine bluish-red colour

[rose-red, then brown (Wackenroder)], and afterwards deposits a
brown resin. With hot nitric acid it evolves nitric oxide and dissolves

to a yellow liquid, from which white crystals afterwards separate
(Zwenger & Kind). When solanine is moistened, first with red fuming nitric

acid, then with ammonia, a rose-red coloration is produced, which disappears in a
few hours (Claras), 5. Oil of vitriol forms with solanine a reddish-

yellow solution, which turns purple-violet on standing, afterwards

throwing down a brown powder and losing its colour (Wackenroder).
6. Chromic acid colours solanine sky-blue, gradually changing to green
(Clarus).

7. Solanine acquires a fine brown colour in vapour of iodine, and
forms with it a mass which is soluble with brown colour in water, and

may also be obtained by triturating the two substances together.
Iodine-water turns aqueous sulphate of solanine brown, without

forming a precipitate (Otto). Alcoholic solanine decolorises a small

quantity of iodine-water, but is turned of a deep red-brown colour by
a larger quantity, but, in the absence of solanidine, without formation
of a precipitate (Kromayer). When a solution of iodine in alcoholic solanine

is evaporated, there remains an amorphous brown mass, which gives off iodine only
when strongly heated, colours alcohol and ether but slightly, and is insoluble in

water : Baumann's iodosolanine.

8. The dark-yellow solution of bromine in alcoholic solanine gives a

white flocculent precipitate with ammonia ; it leaves on evaporation a

black-brown, amorphous mass, soluble in boiling water and in alcohol,

but not in cold water or ether (Baumann). 9. Solanine dissolves in

chlorine-water to a colourless liquid, which is not precipitated by ammo-
nia (Heumann). Freshly-precipitated solanine, suspended in weak

spirit, is not completely dissolved even by a prolonged current of chlo-

rine gas. The filtered liquid gives with ammonia a white precipitate

resembling precipitated solanine in appearance, and when evaporated
leaves a black-brown, amorphous residue, containing hydrochloric acid,

easily soluble in water and alcohol, but insoluble in ether (Baumann).

10. Solanine moistened with water and mixed with 2 parts of solid

sodium-amalgam, evolves on standing, an odour of nicotine, and yields a

distillate containing that substance ;
in the residue, sulphuric acid sets

free butyric acid. Solanine undergoes a similar decomposition when

digested with chalk, cheese, and sugar, or with peritoneal membrane
and sugar (Kletzinsky).

Kletzinsky obtained a quantity of nicotine amounting to 15 p. c. of the solanine

employed (containing 74'06 p. c. C., 17'28 N., and 8-64 H., and in the platinum
double salt 34'4 p. c. Pt.), together with an equal quantity of butyric acid (containing
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54-54 p. c. C., 9-09 H., and 36'37 O ; in the silver-salt 55'3 p. c. Ag.). Tliese state-

ments appear to stand greatly in need of confirmation (Kr.).

11. Solanine reduces nitrate of silver and terchloride of gold when
heated therewith (Otto). It is not decomposed by prolonged boiling
with potash-ley, and does not reduce an alkaline solution of cupric oxide

on boiling (Zwenger & Kind). 12. Alcoholic solauine heated with
iodide ofethyl or iodide ofamyl, yields, according to Moitessier, hydripdate
of ethyl- or amyl-solanine. 0. Gmelin found solariine unaltered after

heating for a week with iodide of ethyl.
Moitessier's etJtylsolanine, precipitated by ammonia from the product

obtained as above, forms white microscopic bitter crystals, containing
62-6 p. c. C., and 8-85 H. (the body C42NII34

(C
4H5

)0
14

requires 62-58

p. c. C., 8'8 H.). It is insoluble in water, but soluble in alcohol, and

yields poisonous amorphous salts. When heated with iodide of amyl,
it yields ethylamylsolanine, which, like amylsolanine, resembles the ethyl-

compound. The solanine employed in these experiments was obtained

from dulcamara stalks.

Combinations. With Water. A. Hydrated Solanine ? Otto's

solanine contained about 10 p. c. of water of crystallisation (Blanchet).
The amorphous solanine sometimes obtained, instead of the crystalline,
from alcoholic solutions, is a hydrate (Wackenroder).

B. Aqueous solution. Solanine is insoluble in cold, but soluble in

8,000 parts [5,000 parts (Otto)] of boiling water (Desfosses).

With Acids. Solanine neutralises acids completely, forming mono-
and bi-acid salts (Zwenger & Kind). The salts (including those of dul-

camara solanine) are for the most part amorphous and gummy. Their

taste is bitter and intensely burning (Zwenger & Kind), very repulsive,
acrid (Otto). Their clear solution in a small quantity of water becomes
turbid when warmed (or diluted), from separation of solanine, which
often re-dissolves on cooling. They dissolve in alcohol, from which

they are precipitated by ether. They are obtained in the pure state

by evaporation, only in the entire absence of free acid, as otherwise
salts of solanidine are formed (Zwenger & Kind). Ammonia and the

fixed alkalis throw down from them, after some time, the whole of the

solanine as a white gelatinous precipitate, which dries up to a horny
mass in the air (Zwenger & Kind). The precipitate produced by
ammonia in strong solutions is gelatinous : that produced after some
time in dilute solutions, is crystalline. Potash and carbonate of am-
monia also throw down crystalline precipitates (Otto). Tartaric acid

does not prevent the precipitation (Clarus). According to Baumann,
chloride of sodium, sal-ammoniac, sulphate of soda, and many other

salts produce white pulverulent precipitates in salts of solanine. The
acetates of lead give no precipitate.

Phosphate of Solanine. Phosphate of soda throws down from sul-

phate of solanine a white, sparingly soluble, crystalline powder (Otto).
The air-dried crystals contains 7'83 p. c. of phosphoric acid (Kletzinsky).

Sulphate of Solanine. Pearly crystalline mass (Payen & Chevallier).
Obtained as a granular crystalline mass, easily soluble in cold water
and decomposed by hot water, by dissolving solanine in warm dilute

sulphuric acid. With more sulphuric acid a gum is produced (Otto).
Was solanidine formed in this case ? (Kr.).
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A. Mono-acid. Obtained by adding excess of solanine to a solu-

tion of B in cold water, and evaporating in a vacuum. Colourless

gum, of faint acid reaction, decomposed by water with separation of

solanine (Zwenger & Kind).

86 C



SOLANINE. 97

cipitate (Baumann) . Mercuric chloride produces a white precipitate

in sulphate of solanine (Otto), but not in the hydrochlorate (v. Planta) ;

mercuric nitrate gives a white crystalline precipitate (Baumann). lodo-

mercurate of potassium throws down white slimy flocks from hydro-
chlorate of solanine (v. Planta, Pelffs).

Chloroplatinate of Solanine. Obtained by adding excess of bichlo-

ride of platinum to a solution of solanine in alcohol containing hydro-
chloric acid, precipitating with ether, and purifying the precipitate from

adhering chloride of platinum by oft-repeated solution in alcohol and

precipitation with ether. Faint yellow flocks, which dry up in a

vacuum to a dark-yellow, amorphous, transparent, hygroscopic mass.

Slightly acid ; easily soluble without decomposition in boiling water,
and more freely in alcohol (Zwenger & Kind).

Dried at 100. Zwenger & Kind.

86 C
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Dried. Zwenger & Kind.

2(0*NH0,HQ) 1728 96-0
C4O6 72 4-0 4-36

2C86NH69O32
,C

4H2O8 1880 10OO

Solanine forms with mellitic acid a neutral salt, the solution of
which decomposes on evaporation (Karmrodt). Solanine added to hot

aqueous succinic acid and evaporated, yields colourless translucent

needles, having an acid reaction, and easily soluble in cold water
(Baumann). It forms with tartaric, racemic, and malic acids, colour-
less amorphous salts

; with mucic acid a neutral salt crystallising in
tufts of white needles, easily soluble in water, obtained by adding
solanine to a hot aqueous solution.

Picric acid does not precipitate alcoholic solanine (Kemp), but pro-
duces sulphur-yellow flocks in the hydrochlorate (v. Planta). Benzoate

of solanine is amorphous and decomposible by water ; the gallate is

amorphous, and soluble in water, with faint acid reaction (Baumann).
Solanine behaves with oleic acid in the same manner as quinine

(xvii, 294), (Attfield).

Tannate of Solanine. Tincture of galls produces white flocks in

sulphate of solanine, even when very dilute (Otto). The tincture
renders the hydrochlorate turbid, and on addition of a drop of hydro-
chloric acid, throws down a dense precipitate (v. Planta). When
solanine is added to hot aqueous tannic acid so long as it dissolves, the
solution becomes turbid on cooling, and when concentrated deposits
tufts of yellow needles, which have an acid reaction, and are sparingly
soluble in cold, easily in hot water (Baumann).

Solanine is only slightly soluble in cold, but more freely soluble in

boiling alcohol , it crystallises from the hot solution on cooling, and
from the cold solution on evaporation (Zwenger & Kind). It dissolves
in 500 parts of cold, and in 125 parts of boiling alcohol of sp. gr. 0'839 ;

the horny amorphous solaniue dissolves very easily in alcohol (Otto).
Wackenroder's statement that crystalline solanine becomes gelatinous when boiled
with alcohol, or when its cold alcoholic solution is slowly evaporated, was found by
Zwenger & Kind to be incorrect. Solanine dissolves very sparingly in

ether (Desfosses ; Zwenger & Kind) ; in 4,000 parts of ether (Otto).

According to Desfosses, it is insoluble in oil of turpentine and olive oil;

according to Baumann slightly soluble in cold, and perfectly soluble in

hot olive oil, which deposits most of it on cooling.

Appendix to Solanine.

Dulcamarine.

WITTSTEIN. Pliarm. Viertelj. 1, 371, and 495.

An alkaloid occurring, together with solanine, in the stalks of

Solanum Dulcamara.

Preparation. An aqueous infusion of the stalks of bitter-sweet is

mixed with marble and evaporated to an extract, which is exhausted
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with 90 p. c. alcohol. The tincture is freed from alcohol by distillation.

The residue, when kept for some months and diluted with water,

deposits granules of lactate of lime, which are removed. The liquid is

then carefully neutralized with ammonia r and precipitated with infusion

of galls ; the precipitate is collected and washed, and mixed while still

moist with freshly precipitated oxide of lead. After standing a few
hours the liquid is again filtered ; and the residue after washing with

water is dried, powdered, and boiled with 90 p. c. alcohol. On evaporat-

ing the alcoholic solution the dulcamarine is left in white crusts. The

aqueous liquid filtered from the tannate of lead yields a little more
dulcamarin by precipitating it with tannic acid and treating the pre-

cipitate with oxide of lead and alcohol as before. Six pounds of bitter-

sweet stalks gave 49 grains of dulcamarine.

Properties. Pale-yellow transparent resin, triturable to a yellowish-
white powder. When moistened with water or alcohol, and warmed,
it smells of bitter-sweet. Tastes bitter, afterwards sweet. In alco-

holic solution it has a weak, though distinct, alkaline reaction.

It loses 8 p. c. of water at 100, and no more at 120.

65 C
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.

Primary Nucleus C50H42
; Oxygen-nucleus C60H88

0*.

Hyodyslysin.

= C 5 H38 4
,0

2
.

STRECKER. Ann. Pharm. 70, 188.
VAN HEIJNINGEN & SCHARLEE. Scheik Onderz. 5, 130.

^

Obtained by boiling
1

hyogiycocholic acid with strong hydrochloric
acid for some days, or until the oily layer becomes hard and friable.

The product is purified by washing it with boiling water, dissolving in

ether, and precipitating with alcohol,

It is insoluble in aqueous ammonia, but soluble in alcoholic potash,
and is rendered soluble in water by fusion with hydrate of potash.
It is insoluble in cold, sparingly soluble in boiling alcohol ; moderately
soluble in ether (Strecker).

Van Heijningen.
Dried at 120. Strecker. & Scharle'e.

500 ............ 300 ........ 77-72 ........ 77'61 ........ 78'07
38 H ............ 38 ........ 9-84 ........ 9'97 ........ 9'67
6 O ............ 48 ........ 12-44 ........ 12-42 ........ 12-26

C^H^'O6
.... 386 ........ 100-00 ........ lOO'OO ........ lOO'OO

Homologous, and according to van Heijningen and Scharlge, identical with

dyslysin.

Primary Nucleus C 50H44
; Oxygen-nucleus

Hyocholic Acid.

C50H40()8
_ C^H^OSO4

.

AD. STRECKER. Ann. Pharm. 70, 191.

Hyocholalic acid (Strecker). Formed, together with glycocoll, by
boiling hyogiycocholic acid with alkalis. Also by boiling with acids?

(Kr.). See below.

A solution of hyogiycocholic acid in dilute potash-ley is boiled for

24 hours, with addition of water sufficient to retain everything in

solution ; the solution is decomposed with hydrochloric acid, and the

resinous hyocholic acid thereby precipitated is washed with water and
dissolved in ether. The ethereal solution, when slowly evaporated,

deposits the acid in round, white granules, which sometimes crystallise
from alcoholic solution in microscopic six-sided tables.

50 C ....
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On heating hyoglycocholic acid for half an hour with strong hydro-
chloric acid, Hoppe (Chem. Centr. 1859, 74) obtained a resin soluble in

alcohol, which, when decolorised by animal charcoal, rotated a ray of

polarised light to the right, [a]j = 23-6. This body was designated

by Hoppe as hyocholo'idic acid. According to his later researches,

however, choloidic acid is to be regarded as a mixture of cholic acid

and dyslysin, and similar considerations applying to the body now
under consideration ; the dextro-rotatory action appears," therefore, to

belong to hyocholic acid.

Hyocholic acid is nearly insoluble in water, but easily soluble in

dilute ammonia and in dilute alkalis and their carbonates, from which
solutions strong potash-ley precipitates the potash-salt.

Baryta-salt. Chloride of barium precipitates from the ammonia-
salt sparingly soluble flocks, which, after washing with water, are

soluble in alcohol. After drying at 160, the salt loses 1'8 p. c.

(=1 atom) of water at 180 200, without undergoing further change.
Dried at 200. Strecker.

39 H
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Pig's bile contains, besides the above, a small quantity of an acid

containing sulphur, hyotaurocholic acid \hyocholew acid (Strecker)],
which is decomposed by evaporating its alcoholic solution, with separa-
tion of taurine. This body, which has not been isolated, is probably
represented by the formula C 54NII45S2 12

(corresponding to that of

taurocholic acid), and susceptible of being resolved into hyocholic acid

and taurine (Strecker). According to Mulder (Scheik. Onderz. 5, 133),

pig's bile contains bilin (p. 65), or a similar unstable body, as principal
constituent.

The acids of pig's bile exist for the most part in combination with

soda, and to a less extent in combination with potash and ammonia

(Gundelach & Strecker).

Preparation. A. Of the Soda Salt. 1. Fresh pig's bile is digested
for some time with Glauber's salt and a small quantity of water.

As the Glauber's salt dissolves, hyoglycocholate of soda, colouring

matter, and mucus are precipitated. The precipitate is washed with a

saturated solution of Glauber's salt by decantation, dried at 100, and di-

gestedwith absolute alcohol, which dissolves the hyoglycocholate of soda.

The slightly-coloured solution is then decolorised by animal charcoal

and mixed with ether, and the precipitate thereby produced is washed
with ether, and dried at 100 (Gundelach & Strecker). 2. Inspissated
and powdered pig's bile is digested over the water-bath with absolute

alcohol, which leaves mucus undissolved
; the tincture is concentrated

and placed in the cold ; the chloride of sodium which then separates is

removed ; and the residual solution is decolorised with animal charcoal

and mixed with ether, which precipitates hyoglycocholate of soda,
whilst cholesterin and fat remain in solution. The resinous precipitate,

purified by repeated treatment with ether, still contains chloride of

sodium and colouring matter ; it is therefore dissolved in cold absolute

alcohol, digested with animal charcoal, and again precipitated with

ether (Gundelach & Strecker). The product of the second process contains a

little potash and ammonia- salt, as well as salt of hyotaurocholic acid.

B. Separation of the acidfrom the soda-salt. An aqueous solution

of the soda-salt is decomposed by hydrochloric or dilute sulphuric acid ;

the precipitate is dissolved in alcohol and mixed with water, whereby
a milky liquid is produced, which deposits oily drops on standing ; the

liquid is warmed, together with the precipitate, for several days, until

the whole of the alcohol is expelled ;
and the acid thereby precipitated

is purified by again dissolving it in alcohol and precipitating with dilute

hydrochloric acid (Gundelach & Strecker).

Properties. White, hard, friable resin, melting only above 120.
Has an acid reaction (Gundelach & Strecker). Exerts a slight dex-

trorotatory action on polarised light [a]j = 2; the soda-salt is

optically inactive (F. Hoppe, Chem. Centr. 1859, 74).

Gundelach
& Strecker. v. Heijningen. J3-orup-

Dried at 130. mean. Strecker & Scharle. Besanez.

540 324 .... 70-28 .... 70'08 .... 70'16 .... 69'66 .... 72'36
N 14 .... 3-04 .... 3-54 4'88

43 H 43 .... 9-33 .... 9'65 .... 9'21 .... 9'53 .... 9'72

10 O 80 .... 17-35 .... 16'73 .... .... 17-92

C54NK43 10
. 461 100-00 . 100-00
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The acid of van Heijningen & Scharlge (according to them C54NH42On) was
brown, not completely soluble in aqueous carbonate of soda, and contained
O69 p. c. S., partly derived (according to Streeker) from the hydrosulphuric acid
with which they decomposed the lead-salt suspended in alcohol, and partly from the

hyotaurocholic acid with which their product was contaminated.

Homologous with glycocholonic acid (p. 62) (Strecker).

Decompositions. 1. The acid of pig's bile, when heated to 140, is

converted into a body resembling dyslysin, containing 77*77 p. c. C.,
and 10*38 II. (Gorup-Besanez). 2. It dissolves in warm fuming nitric

acid, with evolution of red vapours, and yields on distillation oily drops
containing nitrocholic acid and volatile fatty acids ; the residue con-
tains oxalic acid, cholesteric acid, and a brown colouring matter

(Gundelach & Strecker). 3. The acid is not affected by boiling with
veroxide of lead and dilute sulphuric acid; when heated with sulphuric
acid and bichromate of potash, it yields hydrocyanic acid and volatile

fatty acids. 4. It dissolves easily in oil of vitriol, and is carbonised
when heated therewith, evolving sulphurous acid. When hyoglyco-
cholic acid is evaporated with dilute sulphuric acid, a violet coloration,

changing to purple, is produced. 5. When boiled for some time with

hydrochloric acid, it melts to an oil, which, after boiling for several

days, turns viscid, and ultimately nearly solid, losing at the same time
its solubility in alcohol and in aqueous ammonia. The ultimate pro-
ducts are hydrochlorate of glycocoli and

hyodyslysin,
the latter

probably being derived from products richer in water formed pre-

viously (Strecker).

C54NH43 10 = craTO6 + C4NH5O4
.

6. On boiling with potash-lei/, it yields hyocholic acid and glycocoli

(Strecker). About the melting-point of caustic potash it evolves a little am-
monia (Gundelach & Strecker). 7. Gives the bile-reaction with oil of
vitriol and sugar. 8. Not decomposed during the putrefaction of pig's
bile ('Gundelach & Strecker).

Combinations. With Water. Moist hyoglycocholic acid melts at

100, or in boiling water, to a mass which maybe drawn out into silky
threads. It dissolves very slightly in pure water, rather more freely
in acidulated water.

With Bases. The acid combines with bases, and expels carbonic
acid from dilute aqueous carbonates of the alkalis. It dissolves easily
in aqueous ammonia. The dry acid does not dissolve in potash-ley,
but after decanting the potash, it dissolves in water. The salts are

represented by the formula C"NH43 10
,MO, or probably CMNH42M010

+ aq. The hyoglycocholates of the alkalis are almost entirely precipi-
tated from their aqueous solutions by sal-ammoniac, and by hydrochlo-
rates and sulphates of the alkalis. The precipitates generally dissolve

on boiling, but reappear on cooling. Hyoglycocholic acid is thrown
down from its salts (including those which contain a small quantity of

hyotaurocholic acid) as a white sticky resin, by acetic, tartaric, lactic,
and mineral acids ; dilute solutions are turned milky. The alcoholic

acid does not precipitate metallic salts (Gundelach & Strecker).

Hyoglycocholate of Ammonia. Precipitated by strong aqueous
ammonia- salts from an aqueous solution of hyoglycocholate of soda,
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in the form of a crystalline powder, which dissolves on warming, and
reappears as the solution cools. Permanent over oil of vitrol. Gives
off ammonia at 100, or when boiled with water. Dissolves easily in

water, but with difficulty in aqueous ammonia-salts. Easily soluble
in alcohol, from which it is precipitated by ether.

Dried over oil of vitriol. Gundelach & Strecker.

54 C
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GKmdelach & Streckcr.

54 C
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The aqueous soda-salt gives with ferric chloride yellowish-white

flocks, which turn red-brown on boiling ;
with copper-salts a bluish-

white precipitate ; with mercuric chloride a white, and with mercurous

nitrate a gelatinous precipitate (Gundelach and Strecker).

Hyoglycocholate of Silver. Precipitated from the soda-salt by
nitrate of silver not in excess. White -precipitate, soluble with

difficulty in boiling water and more easily in alcohol.

G-undelach. & Strecker.

mean.

54 C
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Scliacht.

mean.

500 300 78-52 78'47
50 H 50 13-09 13-27
40 32 8-39 8-26

C50H50O4
.... 382 100-00 lOO'OO

The acid cannot be resolved into portions of different composition
by fractional precipitation with neutral acetate of lead (Carius).

The hycenates of the alkalis are very hard soaps, soluble in a small

quantity of warm water, and decomposible by a larger quantity, with

precipitation of acid salt. The insoluble salts are not (completely)
decomposed by acetic acid. When heated with a large quantity of

water, they give up a portion of the base. In preparing them, there-

fore, the precipitates produced by acetates of the bases in the hot
alcoholic acid, are washed first with alcohol and afterwards with a
small quantity of water.

Hycenate of Lime. White, microscopic needles, melting at 85 to

90. The salt dissolves very sparingly in boiling absolute alcohol.

Schacht.

500 300 74-82 74-69

49 H 49 12-22 12'43

Ca 20 4-99 4'80

40 32 7-97 8-08

C^H^CaO4
.... 401 100-00 lOO'OO

Hycenate of Lead. White, very bulky precipitate, which cakes

together in boiling absolute alcohol, dissolving to a very slight extent,
and crystallising in microscopic scales on cooling.

Schacht.

50
49 H
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volume of water at a temperature of 60 to 70, and more oil of vitriol

is added till the mass becomes soft and dark-red. The whole is then
mixed with a large quantity of water, and the hydrocarbons thereby

precipitated are washed with water and subsequently boiled with
ether so long as that liquid continues to take up colouring matter, or

to dissolve anything of importance. Beta- and gamma-cholesterilin
are thus dissolved, together with a small quantity of alpha-cholesterilin,
the principal part of which, however, remains undissolved. The
ethereal solution is mixed with alcohol, whereby the cholesterilin is

precipitated, whilst unchanged cholesterin remains in solution ; the

yellow resinous precipitate is dissolved in ether, any residual alpha-
cholesterin being separated ; and the ethereal solution is allowed to

evaporate spontaneously, whereupon it first deposits crystals of

beta-cholesterilin, and afterwards a resinous mass of gamma-choles-
terilin.

Alpha-cholesterilin. Whitish-yellow earthy mass, which may be
obtained from its solution in turpentine-oil in delicate faintly lustrous

crystals. Inodorous and tasteless ; lighter than water (Zwenger). The

(probably too dilute) solution in coal oil is optically inactive (Hoppe-
Seyler). It turns yellow when heated, melts at about 240, being for

the most part decomposed, and solidifies to a yellow glass on cooling.
In contact with nitric acid it puffs up, and is apparently converted

into cholesteric acid (xiii, 157). It forms with oil of vitriol a soft,

brown-red resin, from which it is separated by water nearly unaltered.

A solution of this resin in a larger quantity of oil of vitriol is of a dirty

dark-green colour by reflected, and dark-brown by transmitted light.
It is decomposed by chlorine.

Alpha-cholesterilin is insoluble in water, and nearly insoluble in

alcohol. It dissolves slightly in boiling ether, crystallising on cooling.
It is soluble in warm volatile oils.

2. Beta-cholesterilin. Formed only in small quantity. Highly lustrous

white laminae, or needles. Melts at about 255 to a colourless liquid,

which solidifies in a radiated crystalline mass ; when slowly heated it

is yellow and uncrystallisable, and gives off a volatile oil (Zwenger).
Exerts a dextrorotatory action on polarized light (Hoppe-Seyler). Oil

of vitriol converts it into a dark-red resin, a solution of which in excess

of sulphuric acid appears of an emerald-green colour, afterwards dark-

green by reflected, and dark-red by transmitted light. It dissolves

with difficulty in warm ether, but easily in warm oils, either fixed or

volatile.

3. Gamma-cholesterilin. Purified by again dissolving in ether and

precipitating with alcohol. Yellow amorphous resin, or yellowish-
white powder, melting at 127, and solidifying to a brittle glassy mass
on cooling (Zwenger). Dextro-rotatory (Hoppe-Seyler). Yields by
dry distillation a volatile oil of aromatic odour. Dissolves with

difficulty in alcohol, easily in cold ether, and easily in warm oils, either

fixed or volatile.

Zwenger. mean.
a. (3. y.

52 C 312 88-13 88'05 88'29 87'92
42 H 42 11-87 12-09 12-18 11-99

..,. 354 . 100-00 , 100-14 . 100-47 , , 99"91
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Zwenger gives the following formulae as possible : a = C32H26
; /3

= C22H18
; y =

CJ27JJ22 ; 1 atom of each of the three bodies would then be formed by the breaking up
of 1 atom of cholesterin (according to Zwenger C

81H69O3
), with elimination of 3 atoms

of water. He was unable to convert these bodies one into another.

Cholesterone.

C82H42
.

ZWENGER. Ann. Pharm. 69, 347.

Obtained in two different modifications, as alpha- and beta-choles-

terone, by the action of hydrated phosphoric acid on cholesterin.

Cholesterin is boiled with 6 or eight parts of strong aqueous phos-
phoric acid till it melts. Water is then added, and the dirty-white

pasty mass which is deposited is washed and boiled with alcohol, to

separate the soluble alpha-cholesterone from the insoluble beta-choles-

terone. The former is purified by recrystallisation from absolute

alcohol, and the latter by dissolving it in boiling ether, and boiling the

resulting crystals with alcohol.

Alpha-cholesterone. Colourless, transparent, highly lustrous, rhombic

prisms, often half-an-inch long. Inodorous and tasteless. Melts at

68 to a colourless liquid, which slowly solidifies in a crystalline mass
in the cold. When more strongly heated, it boils and distils almost un-

changed, yielding a yellow crystalline distillate. Burns with smoky
flame. It is oxidised by nitric acid, coloured red by oil of vitriol, and

decomposed by chlorine, with liberation of hydrochloric acid It dis-

solves very sparingly in cold, but much more freely in boiling alcohol
;

very easily in ether, and in volatile and fixed oils.

Beta-cholesterone. Very delicate, white, somewhat silky needles,

melting at 175, and solidifying to a brittle crystalline mass on cooling.
Distils partially undecomposed. Dissolves very slightly in boiling
alcohol and in ether, but easily in volatile and fixed oils.

Zwenger.
mean.

52 C 312 88-13 87'70 87'70
42 H 42 11-87 12-12 12'04

.. , 354 . 100-00 . , 99-82 , , 99'74

Cholesterin.

= C62H42
,H

2 2
.

CONRABI. Diss. ex cum calp.fell. Jena, 1775. GREN. Dietrich Diss.
contin. ducts observ. circa calculos. Halle 1778. CRELL. Beitr. zu
den Chem. Ann. 4, 1, 19. FOURCROY. Syst. des conn. chim. 10, 53.
BOSTOCK. A. Gehl. 6, 653. CHEVREUL. Ann. Chim. 95, 5.

Recherches sur les corps gras, p. 153. PLEISCHL. Merkwurd.
Krankheitsyesch. Prag, 1826, 28 ; abstr. Br. Arch. 21, 34 ; Kastn.
Arch. 8, 300. KUHN. Dissert, de Cholestearine. Leipzig, 1828 ;

abstr. Kastn. Arch. 13, 337.
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SAUSSURE. Ann. Chim. Phys. 13, 338; N. Tr. 5, 2, 120.

COUERBE. Ann. Chim. Phys. 56, 181.

MARCHANP. J. pr. Chem. 16, 37.

PAYEN. N. Ann. Chem. Phys. 1, 58.

SCHWENDLER & M.EISSNER. Ann. Pharm. 59, 107; Berz. Jahresber. 27,
623.

GOBLEY. N. J. Pharm. 9, 81 ; Compt. rend. 21, 990. N. J. Pharm. 11,
409 ; 12, 5 ; Kopp's Jahresber. 1847 and 1848, 858. N. J. Pharm.

37, 406 ; 18, 107; Kopp's Jahresber. 1850, 558. N. J. Pharm. 19,

417; Kopp's Jahresber. 1851, 598. N. J. Pharm. 21, 246 ; Kopp's
Jahresber. 1851, 588. ^. J. Pharm. 33, 161; 40, 84; Kopp's
Jahresber. 1861, 799.

ZWENGER. Ann. Pharm. 66, 5 ; Pharm. Centr. 1848, 569 ; Kopp's
Jahresber. 1847 and 1848, 921. Ann. Pharm. 69, 347; Pharm.
Centr. 1849, 321 ; Kopp's Jahresber. 1849, 547.

HEINTZ. Pogg. 79, 524; Pharm. Centr. 1850,577; Ann. Pharm. 76,
366 ; Kopp's Jahresber. 1850, 574.

HOPPE-SEYLER. Arch, patholog. Anat. 15, 126 ; Chem. Centr. 1859, 65 ;

Kopp's Jahresber. 1858, 567. Medicin-chem. Untersuchungen. I.

140; Kopp's Jahresber. 1866, 744.

BERTHELOT. Compt. rend. 47, 262 ; N. Ann. Chim. Phys. 56, 54; Ann.
Pharm. 112, 356 ; J. pr. Chem. 77, 1 ; Kopp's Jahresber. 1858, 417.

BENEKE. Studien ilber Vorlcommen, Verbreitung, und Function von

Gallenbestandtheilen ; Giessen 1862. Ann. Pharm. 122, 249 ;

Pharm. Viertelj. 11, 568; Eepert. Chim. pure, 4, 471; Chem. Centr.

1862, 819; Kopp's Jahresber. 1862, 507. Ann. Pharm. 127, 105;
Par. Soc. Bull. 6, 59 ; Chem. Centr. 1864, 15 ; Kopp's Jahresber.

1863, 544.

0. LINDENMEYER. J. pr. Chem. 90, 321 ; Chem. Centr. 1864, 412 ; N. J.

Pharm. 45, 286; Kopp's Jahresber. 1863, 542.

Cholsterin, Cholestearin, Fatty wax of gall-stones. Bile-fat, Gall~stone

fat. Discovered in gall-stones by Conradi in 1775, and by Gren in

1788, and in the vegetable kingdom by Beneke in 1862. See alsoxvi,
480.

Source. A. In the animal kingdom. Cholesterin forms the principal
constituent [as much as 97*5 per cent. (Gobley)] of most human gall-
stones (Handbuch viii, 44), and occurs in smaller quantity in various

parts of the body, as a normal, and also as a pathological product, in

the latter case often separated in crystals. In the bile (Tiedemann
and Gmelin, Handbuch viii, 39 and 44) ;

in blood (Gmelin & Gugert,
ed. 3, 1386. 1829 ! ;

Denis ; Boudet, Ann. Chim. Phys. 52, 337) to the

extent of 0-1 p. c. (Boudet, N. J. Pharm. 6, 338). See Handbuch viii,

44, 170, 194, and 207. In the brain (Gmelin [See also Wohler, Ann.
Pharm. 41, 238], Couerbe, Ann. Chim. Phys. 56, 170) amounting to

about one-third of the brain-fat (v. Bibra. Handbuch viii, 508, 511); in

the spinal cord, and in the crystalline lens (Mettenheimer) ; abundant
in the spleen (Marcet) ;

in yolk of egg (Lecanu, J. Pharm. 14, 625 ;

15, 1 ; Lehmann, J. pr. Chem. 27, 259) to the amount of 0-42 p. c.

(Gobley) ;
in the ova of the carp, and the milt of the carp and herring',

and in snail's fat (Gobley) ; in haddock-liver oil (Beneke) ;
in sweat

(Schottin) ;
in the intestinal canal of mammals and birds (Tiedemann &

Gmelin); in Peruvian guano and other excrements (Hoppe-Seyler).
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The faeces of the crocodile contain cholesterin, but no uric acid ;

those of the boa, uric acid free from cholesterin ; those of the herbivora
contain no cholesterin (Marcet).

Cholesterin occurs in Castoreum moscoviticum (Brandes, N. Br. Arch.

1, 183), and in musk (Blondeau & Guibourt). In pus, in dropsical exu-

dations, in transudations, in the secretions of the sebaceous glands, in

calcified and obsolete tubercles, and in many other pathological
products. In human milk to the amount of 0-0318 p. c. (Tolmat-
scheff, Kopp's Jahresb. 1867, 811).

According- to Hoppe-Seyler, it occurs, together with protagon, in

all the most important organs of the animal and vegetable organism,
both these bodies, like the proteides, appearing to take part in the pro-
cesses going on in the cells ; they are found in the nervous tissue, in

the yolk of egg, in the seminal fluid of animals, and in the red and
colourless corpuscles of the blood.

B. In the vegetable kingdom. In peas, beans, and almonds, and con-

sequently in fatty oil of almonds, in olive oil, and probably in all plant
seeds, as well as in chlorophyll, and in flower-organs (Beneke). Knop
(Ghent. Centr. 1862, 819) observed spangles of cholesterin deposited
from the phosphoretted fat of peas (xvi, 487). Ritthausen (J. pr.
Chem. 85, 212 ; 88, 145) obtained from wheat-gluten a laminated fat
and oil, with crystals of cholesterin. The formation of cholesterin in

seeds begins early, but is increased greatly at the time of ripening.
Dry, unripe peas contain, on an average, 0-025 p. c., dry, ripe peas
0-055 p. c. of cholesterin (Lindenmeyer). The radicles of malt contain
cholesterin (Lermer, Dingl. 179, 71). Maize contains it to the extent
of 0-1 p. c. (Hoppe-Seyler, Krit. Zeitschr. 10, 32). It occurs also in

young rose-shoots, and in wine-yeast (Hoppe-Seyler, Jahresb. 1866,
745).

The carotin and hydrocarotin, described xvi, 14, 53, are regarded by Fronde and
Sorauer (N. Br. Arch. 126, 202) as anhydrous and hydrated cholesterin, mixed with

colouring matter ; they obtained cholesterin from white carrots, and from the seeds,

by the process employed for the preparation of carotin. Their view is not recon-
cileable with Husemaun's analysis of carotin, or with his statements as to the behaviour
of that body towards alcohol, and of hydrocarotin when heated; Husemann (N. Br.
Arch. 129, 30) regards it as totally erroneous.

Preparation. From Gall-stones. Gall-stones are powdered and
exhausted with boiling water, and afterwards dissolved in boiling
alcohol. The filtered solution deposits cholesterin in crystals on cooling.
It is purified by recrystallising it from alcohol containing potash, and

washing with alcohol and water. Thudichum (Chem. Soc. Qu. J. 14,

114; Anal. Zeitschr. 1, 122. Chem. Soc. J. [2] 1, 34; Chem. Centr.

1863, 846), exhausts gall-stones with benzol, which takes up choles-

terin and bile-substances, leaving colouring matter and ash constituents

undissolved. The residue left on evaporating the benzol is crystallised
from boiling alcohol.

From Ox-bile. The bile, evaporated to a thin extract, is shaken

repeatedly with fresh portions of ether ; the mixed ethereal liquids are

distilled ;
and the crystals which then separate are purified by pressing

and recrystallising them from hot alcohol. From brains. Brain-pulp
(xvi, 480) is exhausted with hot alcohol

; the precipitate which makes
its appearance on cooling is exhausted with ether; and the ethereal
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liquid is distilled. The red pulpy residue is boiled with alcohol and
excess of hydrated oxide of lead, whereby lead-salts of fatty acids are

formed, which for the most part remain behind on filtration. The
cholesterin crystallises out on cooling

1

, and is purified by again treating
its hot alcoholic solution with oxide of lead and recrystallising from
alcohol (Miiller, Ann. Pharm. 105, 363). See also xvi, 480. Beneke
obtains cholesterin from yolk of egg in the same manner as from

peas.

From dry Peas and other Seeds. The finely pounded seeds are mace-
rated for 48 hours with alcohol mixed with th its volume of ether,
and afterwards for 24 hours with alcohol and ^th its volume of ether ;

the extracts are distilled ;
the residue is suspended in water and shaken

with ether
;
the ethereal layer is separated and distilled

;
and the residue

after boiling for an hourwith alcoholic potash, is dried, dissolved inwater,
and shaken with ether, which takes up cholesterin and a little yellow
colouring matter. The product is purified by treating it with weak
spirit (Lindenmeyer). Beneke digests 5 pounds of bruised peas for 24
hours in an equal quantity of 94 p. c. alcohol at the temperature of 35 ;

evaporates the deep-yellow tincture to an extract ;
boils the extract

with 400 cubic centimetres of water and 1 pound of litharge ;
decants

the water
; exhausts the lead-precipitate with boiling alcohol ; treats

the alcoholic liquid with hydrosulphuric acid ; then filters and cools,

whereupon the cholesterin crystallises. The mother-liquor still con-
tains cholesterin, to obtain which the alcohol is driven off, and the
residue boiled for some hours with baryta-water. The flocks thereby
formed are separated by filtration and boiled with alcohol. The filtrate

deposits, on cooling, crystals of cholesterin, the entire yield of which
amounts to 1*5 grammes.

^[ The following process is given by Hoppe-Seyler for the detection

and estimation of cholesterin in animal and vegetable tissues and fluids :

The substance under examination is repeatedly exhausted with its own
volume or several times its volume of ether

;
the clear decanted or

filtered extracts, completely separated from the aqueous solution, are

distilled in the water-bath ; and the dried residue is weighed. Part or

the whole of this residue is then boiled for several hours with a clear

concentrated alcoholic solution of potash, and finally the alcohol is evapo-
rated, the residue dissolved in water, and the mobile solution repeatedly
shaken up with ether. This ethereal extract contains the cholesterin

generally almost pure ;
in the contrary case, the residue is agitated while

yet warm, with dilute potash-ley, and, after cooling, again treated

with ether. A small portion of the soaps (produced from saponifiable

fats) is then dissolved by the ether, only when there is an insufficient

quantity of water and alkali present. By this process the quantities

(in grammes) of cholesterin in 100 c.c. of blood were found to be as fol-

lows : I and II from very fat young geese, III and IV from a fat old

goose, V from an ox.

In the blood-corpuscles. In the serum.

i. ii. in. IY. Y. i. ii. in. iv.

0-043 0-052 0-040 0'060 0'048 0'234 0'314 0'019 0-035

Hence it appears: 1. That the proportion of cholesterin in the cor-

puscles is nearly constant, varying only from 0*04 to 0'06 grm. in 100 c.c. ;
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2. That the proportion in the serum is very variable, rising or falling
with that of the fat. ^

Cholesterin crystallised from alcohol is hydrated (See below). It is

freed from water by heat or by fusion.

Properties. Cholesterin crystallises from rock-oil or chloroform in

anhydrous silky needles (Liudenmeyer). It melts at 137 (Chevreul)

[137-5 (Ktihn), 135 to 137 (Boudet), 136 to 137 (Beneke). 145

(Gobley ; Lecanu)], to a colourless limpid oil, which solidifies to a satiny
crystalline mass on cooling. Out of contact of air [and in presence of

air, at the boiling point of mercury (Heintz)] it sublimes almost

undecomposed (Chevreul) in delicate laminae (Kiihn). Sp. gr. 1-067

(Iloppe-Seyler) ;
when fused, 1-03 (Hem)* Levorotatory ; [a] j

= 34

(Hoppe-Seyler) ; [a] D = 31-59 (Lindenmeyer). The rotatory power
is independent of temperature and strength of solution, and is not altered

by standing for two months.

Calculations.
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sisting chiefly of nndecomposed cholesterin
; (i) a turpentine-like liquid, containing

cholesterin, a little cholesterone, and empyreumatic oil
;
and (c) empyreumatic oil.

G-ases were evolved towards the end of the operation only, when carbon began to be

deposited. The empyreumatic oil may be resolved into (] ) a portion boiling below
175, smelling like coal-tar, containing equal numbers of atoms of carbon and hydro-
gen, permanent in the air, and lighter than water

; (2) a colourless thick oil, which
distils about 240, absorbs oxygen and turns brown in the air, and contains 22 atoms
of hydrogen to 28 of carbon. If the distillation be stopped when about ^th remains

behind, and the residue be treated with ether, there remains undissolved a brown,
loose powder, containing 93'81 p. c. C. and 5'46 H, corresponding to the formula
C3H. It dissolves with great difficulty in ether, is insoluble in alcohol, and is not
affected by alcoholic potash. Cholesterin also breaks up, on dry distillation, into a

hydrocarbon richer, and other hydrocarbons less rich, in hydrogen (Heintz).

2. The vapour of cholesterin passed through a red-hot tube yields
marsh gas and olefiant gas, together with a thick brown tar (Heintz).
When kindled in the air cholesterin burns like wax.

3. Cholesterin treated with moist bromine (according to xvi, 316)
yields a brominated product containing 35*98 p. c. of bromine, of lower

melting-point and less hard than stearin (Lefort, N. J. Pharm. 24, 113).
The formula CMH41Br3

requires 38-7 p. c, Br. (Kr.). Dry bromine
acts like chlorine, producing a yellow loose powder (Schwendler &
Meissner). 4. In a current of dry chlorine, cholesterin becomes hot and

melts, evolving hydrochloric acid and acquiring a yellow to brown
colour. With less chlorine it runs into a colourless mass. In diluted

chlorine in yields chlorocholesterin (Schwendler & Meissner). Lefort

obtained with moist chlorine a product containing 21'30 p. c. Cl. See also Reinsch

(Repert, 77, 328). 5. Pentachloride ofphosphorus acts violently on choles-

terin, converting it into a brown, thick mass, which afterwards solidifies

to crystalline chloride of cholesteryl (Planer, Ann. Pharm. 118, 25).

6. Cholesterin is attacked by moderately strong nitric acid on

warming only, being converted into a brown resin, which afterwards

dissolves : if the action be prolong-ed, acetic acid and traces of other

acids are obtained as volatile products, whilst the residue contains

cholesteric acid (xvi, 157) and a little soft resin (Redtenbacher, Ann.
Pharm. 57, 167). According to Pelletier & Caventou, 1 part of cholesterin dis-

solved in 1 part of fuming nitric acid yields their cholesteric acid, which crystallises
in needles melting at 58 and forms yellow and red salts. But neither G-melin &
G-ugert (Ed. 3, 507) nor Brandes (A. Br. Arch, 14, 260) succeeded in obtaining this

acid. When treated with nitric acid and with ammonia, in the same manner as

uric acid (x, 462) in the murexide reaction, cholesterin acquires a deep-red colour,
which is not essentially altered by fixed alkalis (Schiff, Ann. Pharm. 104, 330).

1

7. Cholesterin is coloured red-brown by phosphoric acid at a high

temperature (Schiff). When boiled with the aqueous acid it yields

alpha- and a little beta-cholesterone (p. 109), with elimination of water,
and when kept melted too long, a resin, probably an amorphous choles-

terone, corresponding to the alpha-cholesterilin formed by the action of

oil of vitriol (Zwenger). 8. In oil of vitriol it rapidly assumes a pome-
granate-yellow colour, coheres to a pitchy mass, evolves sulphurous

acid, and carbonises when heated (Chevreul). When cholesterin is

added to oil if vitriol diluted with half its volume of water at 60 or 70,
and oil of vitriol is dropped into the mixture until the whole of the

cholesterin is converted into a soft, dark-red mass, three solid hydro-
carbons (Zwenger's cholesterilms, p. 108) are formed and may be pre-

cipitated in the form of a red mass by water. No conjugated sulphuric
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acid is formed in the reaction. Undiluted oil of vitriol produces the

same hydrocarbons, but speedily alters them by further action (Zwenger).
When wanned with a mixture of 5 volumes of oil of vitriol and 1 volume
of water on the object-holder of a microscope, cholesterin acquires a fine

carmine-red colour ;
with 4 volumes of oil of vitriol to 1 volume of water

it becomes blue, without warming ;
with 3 to 1 violet ;

with 2 to 1 pale-
lilac (Moleschott, Compt. rend. 40, 361). On adding tincture of iodine

to the mixture of cholesterin with oil of vitriol and
-^-th

its volume of

water, the carmine-red colour changes to violet, grey, yellowish-green,

sap-green, and blue : Meckl's and Virchow's reaction. With sugar and

sulphuric acid, cholesterin acquires a brown colour (M. S. Schultz) :

it gives colours similar to those obtained with the bile-acids, differing

according to the strength of the acid, unstable, and quickly passing
into dirty olive-green (Beneke).

9. When cholesterin is evaporated with hydrochloric acid mixed
with one-third of its volume of aqueous ferric chloride, the residue is

coloured a fine red-violet, changing to blue-violet; with sulphuric
instead of the hydrochloric acid, the colour is carmine-red, afterwards

violet. Chloride of gold and chloride ofplatinum act like ferric chloride.

Bichromate ofpotash and hydrochloric acid form a green solution, which
leaves a violet residue (Schiff). Nitrate of mercury does not affect

cholesterin (Schiff, Ann. Pharm. 115, 315).

10. Cholesterin is not saponifiable by boiling potash-ley. When
melted with an equal weight of caustic potash, it turns yellow and

gives off a yellow oil, which is viscid and non-crystalline after cooling,
and exhibits a green iridescence by reflected light (Reinsch, Repert.

77, 328).

11. Cholesterin heated with hydrochloric, acetic, butyric, benzoic, or

stearic acid to 200, or in some cases to a lower temperature, forms

compounds analogous to the compound ethers.

In the case of the monobasic acids, 1 atom of cholesterin combines

with 1 atom of acid, with elimination of 2 atoms of water. The

compounds are purified by removing the excess of cholesterin with

boiling alcohol, in which the ethers are nearly insoluble. They are

solid, crystalline, more easily fusible than cholesterin, and neutral.

They are decomposed somewhat less easily than spermaceti by heating
to 100 with lime for eight or ten days, yielding cholesterin and the

lime-salt of the acid. They undergo decomposition when heated,

evolving an aromatic odour, giving off volatile products, and leaving a

little charcoal. Oil of vitriol colours them orange-yellow, and if

after some time a little water and iodine-solution be added to the

mixture, there is sometimes, but not always, produced a bluish colora-

tion visible under the microscope, which colour is also exhibited by
cholesterin when similarly treated (Berthelot).

Combinations. With Water. Hydrated Cholesterin. Crystallises

from alcohol or ether [and from nearly absolute alcohol (Heintz)] in

delicate white pearly laminae. Tabular crystals of the monoclinic

system. Fig. 110 without a, but with the faces in and t of fig. 82.

u : u' = 13945'; u : t= 110 14'; m : i = 100 30'; m :/= 13134';
i :/= 127 50' ; i : u = 99 51'; /: u = 128 35' (Heintz). Lighter

i 2
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than water (Chevreul). It loses the whole of its water over oil of

vitriol (Heintz) or at 100, and also when melted.

Hydrated. Pleischl. Kuhn. Heintz.

C52H44Q2 ................ 372 .... 95-38

2 HO .................... 18 .... 4-62 .... 5-2 .... 5'2 .... 4'62 to 5'72

C52H44O2 + 2aq..... 390 .... lOO'OO

Schwendler and Meissner doubted the presence of water : their cholesterin with
2'83 p. c. of water, crystallised from ether-alcohol, cannot be obtained, and was pro-

bably partially effloresced hydrated cholesterin (Heintz).

Cholesterin is insoluble in water. When 'melted with phosphorus, it solidi-

fies to a crystalline mass, and crystallises from alcohol free from phosphorus
(Kiihn).

Cholesterin-soda. Rock-oil, previously purified by long standing
over sodium, is saturated with dry cholesterin, and pieces of sodium
are dropped into the solution, whereupon an evolution of hydrogen
takes place and the sodium becomes covered with white crusts. After

standing and shaking till the crusts no longer increase, the liquid is

filtered, and the solid is pressed between dried blotting-paper and pre-
served over oil of vitriol. From a strong solution in hot chloroform
or rock-oil, it crystallises in delicate needles. Melts at 150, and

undergoes decomposition at 190. Decomposed by water and more

rapidly by weak spirit (Lindenmeyer)*

Lindenmeyer.
mean.

520 ................ 212 ............ 79-19 ............ 79-20
43 H................ 43 ............ 10'91 ............ 11-07
20 ................ 16 ........... 4-06 ............ 4-89
Na ............ 23 ............ 5-84 ............ 4'84

C52H43NaO2
.... 394 ........... lOO'OO ............ 100-00

Cholesterin with Acetic Acid. Cholesterin dissolves in hot glacial
acetic acid, forming a solution which deposits crystals on cooling

(Beneke). The saturated solution solidifies, on cooling, to a mass of

four-sided, long thin needles, which, after pressing and drying, melt at

110, and give off 12-7 to 13*7 per cent, of acetic acid. In alcohol

the compound becomes opaque and dissolves, the solution subsequently
depositing crystals of cholesterin (Hoppe-Seyler and Zalesky, J. pr.
Chem. 90, 331). The crystals dried over lime are free from acetic acid

(Beneke).
Zalesky.

372 ........ 86-11
60 ........ 13-89 ........ 12-7 to 13-7

Cholesterin dissolves in butyric and valerianic acids when warmed,
and in caproic and caprylic acids in the cold. The solutions deposit

long prisms. It is nearly insoluble in lactic acid and in aqueous oxalic

and glycollic acids (Beneke).
Cholesterin dissolves easily in bisulphide of carbon (Kiihn). It

dissolves so freely in hot wood-spirit that the solution solidifies to a

crystalline mass on cooling (Gmelin). It is soluble in 6-65 parts of

chloroform at 20 (Lindenmeyer). Dissolves in 16-5 parts of absolute
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alcohol at 15, in 4-9 parts at 34*5, and in all proportions of the boil-

ing liquid (Kiihn). Nearly insoluble in cold aqueous alcohol ; soluble

in 9 parts of boiling alcohol of sp. gr. 0-84, and in 5-55 parts of sp. gr.

0-816 (Chevreul). The solution deposits most of the cholesterin on

addition of water. Cholesterin dissolves more freely in warm than in

cold ether; according to Kiihn in 12-1 parts of ether at 0, in 3'7 parts
at 15, and in 2-2 parts boiling.

It dissolves freely in coal-oil (Hoppe-Seyler) ; slightly in boiling
oil of turpentine (Bostock) ; as freely in turpentine as in ether (Kiihn).
Fat oils also dissolve cholesterin (Fourcroy & Vauquelin). It forms

a turbid liquid with soap-water, and swells up in microscopic myelin-
like forms (Beneke). According to Strecker it dissolves in aqueous
taurocholic and other bile-acids.

Conjugated Compounds of the Primary Nucleus C

Choride of Cholesteryl.

CMH33C1 = C52H42
,HC1,

BERTHELOT. N. Ann. Chim. Phys. 56, 61,

PLANER. Ann. Pharm. 118, 25.

Cholesterine chlorhydrique. Clilorcholestearyl. Cholesterinchlorafer.

1. Cholesterin is heated to 100Q with strong hydrochloric acid for

eight or ten hours in a sealed tube ; the product is washed with water ;

the portion remaining undissolved is taken up with ether and shaken
with weak potash-ley ;

and the ethereal solution is evaporated. There
then remains a neutral translucent resin, which contains hydrochloric
acid, but gives up a part of it on purification (Berthelot). 2. By
the action of pentachloride of phosphorus on cholesterin a brown

crystalline mass is obtained, which, after pressing and boiling with

water, crystallises from alcohol and ether in long needles. The crystals
melt at about 100 : appear while cooling of a splendid violet colour

by reflected, and yellowish-green by transmitted light ; are not de-

composed by boiling strong potash-ley ; dissolve easily in ether and

sparingly in alcohol (Planer).
Planer.

Needles. mean.

52 C 312 79-89 79'78
43 H 43 11-02 11-18

Cl 35-5 9-09 8-63

C52HC1 _ 390-5 100-00 99'59

Acetate of Cholesteryl.

CH46 4 _- C62H43
0,C

4II3 3
.

BERTHELOT. N. Ann. Chim. Phys. 56, 60.

CJiolesterine acetique.
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Obtained in the same way as the butyrate, and freed in like manner
from excess of acid.

On heating to 100 equal numbers of atoms of cholesterin and glacial acetic acid,

17'5 p. c. is converted into ether in nine hours, and 34'1 p. c. in 40 hours (Berthelot
& Pean de St. Grilles, Compt. rend. 55, 42).

The compound dissolves in boiling alcohol, and therefore cannot be

separated from free cholesterin with certainty. It yields acetic acid

and cholesterin by saponification.

Butyrate of Cholesteryl.

C60JJ50Q4
_ C62H43

0,C
8H7 3

.

BERTHELOT. N. Ann. Chim. Phys. 56, 59.

Cholesterine butyrique.

Cholesterin is heated to 200 with butyric acid for eight or ten
hours in a sealed tube. The product is first treated with a strong
aqueous solution of carbonate of potash : ether is then added, and the
whole is shaken. The ethereal layer is decanted, filtered, decolorised

with animal charcoal, and evaporated, when a mixture of free cho-
lesterin and cholesteric butyrate remains, the former of which is

removed by repeated boiling with alcohol. The undissolved butyrate
may be crystallised from ether.

Neutral colourless crystals, which are easily fusible, and afterwards
remain semi-soft and translucent till the mass is nearly cold.

60 C ...
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the contents of the tube, intimately mixed with aqueous carbonate
of potash by trituration, are shaken with ether (with addition of a
little caustic potash, if necessary) till a test-portion of the ether no

longer gives up acid to water. The ether is then decanted, filtered,

decolorised with animal charcoal, and evaporated. The residue is freed
from uncombined cholesterin by boiling it repeatedly with alcohol, and
the benzoate is crystallised from ether.

Shining white laminae, appearing rectangular and thicker than choles-

terin under the microscope. Melts at 125 to 130. Neutral. When
carefully heated in small quantity it volatilises without decomposing.

Berthelot.

66 396 83-19 82-6
48 H 48 10-09 10'4

4O 32 6'72 7'0

C52H43O,C14H5O3
.... 476 100-00 lOO'O

Decompositions. Heated above its melting-point on platinum foil, it

evolves a peculiar aromatic odour and burns with smoky flame.

Submitted to dry distillation in larger quantity, it yields a sublimate of

benzoic acid. It is very slowly resolved into cholesterin and benzoic
acid by slaked lime at 100.

Dissolves very slightly in alcohol, even when boiling, but easily in

ether.

Stearate of Cholesteryl.

C88H78 4 = C^H^OjC
36!!3^3

.

BERTHELOT. N. Ann. Chim. Phys. 56, 57.

Cholesterine stearique. Obtained from cholesterin and stearic acid in

the same manner as stearate of cetyl (xvi, 128).
White shining needles. Neutral. Melts at about 65 to a trans-

parent liquid, which solidifies to a dead-white amorphous mass.

88 C
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Appendix to Cholesterin.

1. Ambrein.

BUCHHOLZ. N. Tr. 18, 1, 28.

JOHN. Berl. Jahrb. 1818, 104.

PELLETIER & CAVENTOU. /. Pharm. 6, 50 ;
N. Tr. 4, 2, 333.

PELLETIER. Ann. Chim. Phys. 51, 188; Schw. 67, 84; Ann. Pharm.

6, 24.

Amberharz (John). Amberstoff (Buchholz). Amberfett. Discovered

by Buchholz. The chief constituent of grey ambergris. The excre-

ment of Delphinus globiceps contains a substance which resembles

ambrein, but has a higher melting-point (Chevallier & Lassaigne,
J. Pharm. 7, 279).

Ambergris is boiled with alcohol, and the liquid is filtered, where-

upon the ambrein crystallises, and may be purified by pressing and

recrystallisation.
White, delicate needles, arranged in tufts. Softens at 25, and melts

at 30 (Pelletier & Caventou). Melts at 36 (Pelletier), at 37-5 (John).
Tasteless and inodorous when free from volatile oil

; after repeated

melting it smells like resin.

According to Pelletier and Caventou, it contains 82'2 p. c. C., 13*3 H.,
and 4-5 0., from which numbers Berthelot calculates the formula

Ambrein heated in a retort turns brown, evolves white vapours, and
distils almost entirely unchanged (Pelletier & Caventou). When
heated on platinum foil, it is almost completely volatilised in white
fumes (Buchholz). It turns soft in strong nitric acid, and when heated
therewith dissolves, and is converted into ambreic acid, with evolution

of nitric oxide (Pelletier & Caventou).
To prepare ambreic acid, the solution of ambrein in nitric acid is evapo-

rated to dryness ; the residue is washed with cold water ; boiled with
water and a little carbonate of lead ; again washed with water so long
as it gives up nitrate of lead ; dissolved in boiling alcohol, and filtered.

The acid crystallises in small yellowish-white tables, which redden

litmus, and do pot melt at 100. It dissolves to a very slight extent

in water, and is partially deposited from its solution in boiling water as

it cools. The neutral potash-salt is easily soluble ; the acid salt is pre-

cipitated in flocks from an alcoholic solution of the acid by the addition

of a little potash. The neutral salt gives dark-yellow precipitates with
metallic salts. Ambreic acid dissolves easily in alcohol, less freely in

ether (Pelletier & Caventou).
Ambrein is not saponified by boiling for eight hours with strong

potash-ley.
It dissolves freely in absolute alcohol and does not crystallise on

cooling or evaporation (John). The solution in warm weak spirit yields
a large quantity of crystals on cooling (Pelletier). It is easily soluble

in ether, and in volatile and/xed oils (Buchholz).
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2. Castorin.

BIZIO. Brugn. Giorn. 17, 174 ; abstr. N. Tr. 11, 1, 300.

BRANDES. Br. Arch. 16, 281.

WINCKLER. Mag. Pharm. 13, 171.

Castoreum camphor. Observed by Fourcroy, Barneveld, and Bohn.

Occurs in castoreum, which contains also cholesterin (Brandes,
Lehmann), a resin insoluble in ether, and Brandes' castoreum resino'id

(N. Br. Arch. 1, 183).

Preparation. Castoreum is boiled with 6 parts of alcohol of sp. gr.

0*85, and the solution is filtered and evaporated to one-half. The

crystals of castorin thus obtained are washed first with cold alcohol,
then with aqueous ammonia or potash, dissolved in alcohol, and
decolorised with animal charcoal (Bizio). The alcoholic decoction of

castoreum deposits fat on cooling, which may be separated by filtration

(Brandes).

Properties. Castorin crystallises in granules or in tufts of white

transparent needles, very light and very friable (Bizio). It melts in

boiling water to an oil, which floats on the surface and solidifies to a

transparent mass. When boiled with water it volatilises to some
extent with the aqueous vapour, so that the distillate turns cloudy after

some time (Brandes). It has a faint odour of castoreum and a peculiar
taste. Neutral (Bizio).

Decompositions. Castorin yields by dry distillation a pomegranate-
yellow oil, which solidifies to a soft resin. It takes fire, and burns
with a bright flame, leaving charcoal. It is decomposed by prolonged
boiling with nitric acid, the decoction yielding on evaporation yellow
needles and granules of Brandes' castoric acid. The easily formed
solution of castorin in oil of vitriol is perfectly colourless (Brandes) ; it

is of a yellowish-green colour, precipitable by water, and when heated
evolves sulphurous acid, with separation of charcoal (Bizio).

Castorin is insoluble in cold, and very slightly soluble in boiling
water, from which it crystallises in a few days (Bizio). It is soluble,

according to Brandes, insoluble according to Bizio, in warm dilute sul-

phuric acid ; freely soluble in hot strong nitric acid (Bizio), from which it

is precipitated by water (Winckler). According to Bizio, it is insoluble

in hot aqueous ammonia, potash, and soda ; but according to Brandes it

dissolves freely in hot strong potash-ley, and is deposited on cooling, or

on the addition of water.
Castorin is nearly insoluble in cold, but freely soluble in boiling

acetic acid. The solution deposits most of the castorin in needles,
after some weeks only, and when allowed to evaporate spontaneously
leaves it in crystals (Brandes). It is but little soluble in cold, and

slowly soluble in boiling alcohol (Bizio). It dissolves in 120 parts of

boiling 75 p. c. alcohol, forming a solution which coagulates completely
in the cold ; it is more freely soluble in absolute alcohol (Brandes).
It dissolves easily in ether, slightly in cold, and freely in hot oil of tur-

pentine^ and in hot olive oil (Brandes).
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3. Agaricin.

The edible mushroom contains a non-saponifiable buttery fat, which
melts at 35, and contains 56-62 p. c. C., 10-84 H., 31-95 0., and 0-59 N.

(Lefort, Comt. rend. 42, 91). Gobley's agariciu is obtained by ex-

hausting dry mushroom-powder with ether, and purifying the ethereal

extract by dissolving it in boiling alcohol and crystallising. It forms
small white laminae, melting at 148 to 150, and solidifying again at

139. It is inodorous and tasteless, contains 78-40 p. c. C., ll'JO H.,
and 10-50 0. Not saponifiable. Dissolves slightly in cold and in boiling

alcohol, and very easily in ether (Gobley, N. J. Pharm. 29, 81 ; Kopp's
Jahresber. 1856, 685).

4. Eeichenbach's Cholesterin from Animal Tar.

REICHENBACH. Schw. 62, 273.

Occurs in the tar obtained by the dry distillation of horse-bones,

flesh, and similar bodies ; not in wood or coal-tar.

The tar is submitted to repeated fractional distillation
; the first

third of the fluid distillate is separated ; and the remainder is mixed
with 3 to 6 times its volume of alcohol of sp. gr. 0'82, which precipi-
tates eupione and paraffin ;

after separating these bodies, the alcoholic

solution is exposed to cold, and the yellow crystals then formed are

pressed and recrystallised.
Colourless needles, translucent at the edges, fatty to the touch, very

brittle, of sp. gr. 0-9256. Melts at 100, boils at 350, and distils

mostly unaltered. Solidifies to a crystalline mass on cooling. Burns
with flame. Converted by the action of chlorine into a greenish-yellow

liquid. Not altered by oil of vitriol at first, but dissolved at a gentle
heat to a colourless liquid, which solidifies to a stiff jelly on cooling,
and is precipitated by water. Not decomposed by hot strong nitric

acid, in which it is only slightly soluble. Insoluble in boiling potash-

ley. Insoluble in water, but soluble in all proportions of boiling
alcohol

; very easily soluble m ether, in bisulphide of carbon, and in

volatile and fixed oils.

Chlorine-nucleus

Chlorocholesterin.

C62C17H87 8 = CMC17H38,H
2 8

.

SCHWENDLER & MEissNER. Ann. Pharm. 59, 110.

Fused and powdered cholesterin is spread in a thin layer on the

bottom of a capacious flask, into which a small quantity of dry chlorine

is passed, the flask being kept cold. On standing awhile the colour of

the chlorine disappears, whereupon a fresh portion of the gas is ad-

mitted. After this process has been continued for some days, the mass
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is again powdered and then left for some time in contact with undiluted
chlorine ; the hydrochloric acid and excess of chlorine are expelled by
a current of dry air, and the product is preserved over caustic potash.

White, loose, inodorous and tasteless powder, which cakes together
between the fingers like resin and melts at 60 to a yellow liquid which
solidifies in an amorphous mass.

Scliwendler & Meissner.
Dried over caustic potash. mean.

52 C 312 50-85 49-50
7C1 248-5 40-51 41'21

37 H 37 6-03 5-96
2O 16 2-61 3-33

C52C17H37O2
.... 613-5 100-00 100-00

According to Scliwendler & Meissner, C^CFH^O3
.

Ohlorocholesterin evolves a little hydrochloric acid gas when long
kept. It undergoes decomposition at a few degrees above its melting-

point, and is converted into a brown porous mass, with evolution of a

large quantity of hydrochloric acid. It is not affected by alcoholic

ammonia or potash in the cold, but rapidly turns brown on warming.
It is not wetted or affected by ivater. It does not dissolve in cold

78 p. c.-alcohol, but runs together when warmed therewith, and melts
to a mass resembling yolk of egg. Its solution in cold absolute alcohol

(in which it dissolves with difficulty) deposits white amorphous granules
on spontaneous evaporation. Warm ether dissolves it easily, but yields
no crystals on evaporation.

Primary Nucleus C62H52
; Oxygen-nucleus C52H44 8

.

Kotissin.

? C62H44 10 = C62H4*08
,0*.

WITTSTEIN. Repert. 71, 25.

PAVESI. Oiornale Pharm. de Torino ; abstr. Pharm. Viertelj. 8, 505 ;

Kopp's Jahresber. 1859, 585.

BEDALL. Pharm. Viertelj. 8, 505 ; N. Jahrb. Pharm. 12, 372 ; Kopp's
Jahresber. 1859, 585. Pharm. Viertelj. 11, 207; N. Jahrb. Pharm.

18, 68; Chem. Centr. 1863, 124; Kopp's Jahresber. 1862, 513.

Acrid bitter resin of Brayera anthelmintica (Wittstein). Occurs in

commercial kusso or kousso, the dried flowers of the above-named

plant, which have been examined also by Viale and Latini (Kopp's
Jahresber. 1852, 678), and contain their hagenic acid ; by St. Martin,
who found a nitrogenous kosein; and by Willing (N. Repert. 4, 51).
For a summary of these investigations, see.Pharm. Viertelj. 8, 505.

See further Martius (&. Repert. 3, 177); Harms (N. Br.Arch. 89, 301),
A. Vee (Repert. Chim. appliquee, 1, 173; Kopp's Jahresber. 1859, 585).

Preparation. Coarsely-powdered kousso is macerated three times

with alcohol, with addition of lime, then pressed and treated with
water. The filtered extracts are mixed, freed from alcohol by distilla-
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lion, filtered after cooling, and precipitated with acetic acid. The
washed precipitate is dried on glass plates at the ordinary temperature
(Bedall).

Properties. "White or yellowish powder, appearing crystalline under
the microscope. Inodorous ; tastes acrid and bitter. Has an acid

reaction. Free from nitrogen. Acts as a vermifuge (Bedall).

Bedall.

Calculation according to Bedall. mean at 125.

520 312 71-56 71'19
44 H 44 10-09 ... 10'15

10 80 18-35 18-66

C52H44Oio
.... 436 100-00 ., 100-00

Contains also 0'19 p. c. of ash. Bedall's formula is half the above,

Decompositions. Koussin turns brown at 150 and melts at 194,
with partial decomposition, and without volatilising. ^ It dissolves in

oil of vitriol, forming a yellow solution, from which water throws down
white flocks. No sugar is formed thereby, as Bedall formerly be-

lieved. It does not reduce alkaline solution of cupric oxide (Bedall).
It dissolves slightly in water, and easily in aqueous alkalis. The

alcoholic solution is precipitated white, but incompletely, by alcoholic

neutral acetate of lead. Bedall obtained lead-salts with 43-62, 66'07,
and 83' 11 p. c. of oxide of lead.

Koussin is soluble in all proportions of strong alcohol and ether, but

only sparingly soluble in weak spirit, from which it is deposited in the

form of a white resin on cooling (Bedall).

Primary Nucleus C 62H68
; Oxygen-nucleus

Paris Eesin.

C82H44 18 = C52H44 14
,0

?
.

WALZ. N. Jahrb. Pharm. 13, 361.

Extracted by ether from crude paridin (p. 125), together with leaf-

green, and purified by evaporating the ether, dissolving the residue in

alcohol, digesting with animal charcoal, and precipitating the filtrate

with water.

Soft, easily fusible mass, smelling of the plant from which it is

derived.

520
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It colours oil of vitriol dark-brown. Dissolves in fuming nitric acid
with brown colour

; slightly in hydrochloric acid, from which it is pre-
cipitated by water

; easily in aqueous ammonia and potash, precipitable
by acids. Easily soluble in ether.

Paridol.

= C62H44 U
,0

2
,2HO.

WALZ. N. Jahrb. Pharm. 13, 359.

Formation. Paridin breaks up, on boiling with dilute sulphuric acid,
into paridol and sugar. There is formed at the same time amorphous
paridin, which Walz formerly regarded as a third decomposition pro-
duct:

C64H56O28 + 2HO = C^H^O 18 + C12H12O12
.

Preparation. Paridin is boiled with 3. parts of oil of vitriol and
water for a few hours, or until the finely divided paridin is converted
into an oil

; the paridol is dissolved in ether> and the ethereal solution

left to evaporate.
Soft fusible mass, having a fatty odour.

Walz.

520 ............ 312 ........ 62-16 ........ 61*04 ........ 61'62

46 H ............ 46 ........ 9-16 ........ 9'19 ........ 9'29

18 O ............ 144 ........ 28-68 ........ 29'77 ........ 29'09

C52H46O i8
.... 502 ........ 100-00 ........ 100-00 ........ 100-00

Paridol dissolves in oil of vitriol with fine red colour, changing to

brown. It dissolves in fuming nitric acid, forming a solution, which

deposits a yellow body on standing. It is insoluble in aqueous ammonia
or potash, but easily soluble in ether.

Glucosides of Paridol.

1. Paridin.

GL F. WALZ. Jahrb. pr. Pharm. 4, 3 ; 5, 284 ; 6, 10. N. Jahrb. Pharm.
13, 174, and 355 ; Kopp's Jahresber. 1860, 543.

DELFFS. N. Jahrb. Pharm. 9, 25
; Chem* Centr. 1858, 209 ; N. Br. Arch.

95, 330 ; Kopp's Jahresber. 1858, 527.

Occurs in Paris quadrifolia, and according to Walz, is also produced
by boiling paristyphnin with acids, which, however, decompose the

paridin.

Preparation. The coarsely powdered dried plant is twice exhausted
with warm water, containing 2 per cent, of acetic acid, and pressed ;

the residue is exhausted with alcohol of sp. gr. 0-85
; the extracts are

distilled till the residue solidifies to a jelly, which crystallises on cool-
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ing ; and the crystals are purified by recrystallisation from alcohol, with
the aid of animal charcoal (Walz).

Properties. White, silky needles, tasteless at first in the dry state,
but afterwards persistently acrid, not bitter. Neutral. Air-dried pari-
din loses 7-97 p. c. of water, at 100 (Gmelin) ; 9-9 to 10-4 p. c. (Delffs) ;

that dried at 25 loses 6-92 p. c. at 100 (Walz).

Calculation

32 C
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76 C
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Properties. Helleborein crystallises from very strong alcoholic solu-

tions, when left at rest, in transparent warts consisting of needles,
which rapidly become chalk-white in the air. Aqueous solutions

leave a yellowish transparent resin on evaporation. Very hygroscopic.
Tastes sweetish. Poisonous to animals. The aqueous solution reddens
litmus very faintly.

Husemann & Mamie".
Dried at 120. mean.

52 ............ 312 ............ 52-35 ............ 52'27
44 H ............ 44 ............ 7-38 ............ 7'09

30 ............ 240 ............ 40-27 ............ 40'64

C52H44Q30 .... 596 ............ 100-00 ............ 100-00

Helleborei'n acquires a straw-yellow colour and cakes together
when heated above 160; at 230 it turns pasty and brown; and at

290 melts to a viscid liquid and carbonises. It dissolves in oil of
vitriol with brown-red colour, changing to violet. It is not altered

by boiling with potash-ley, or by baryta-water at 140, but quickly
breaks up on boiling with dilute acids into 59*85 per cent, of sugar and
40 per cent, of helleboretin, which separates in blue flocks :

2C12H12O12
.

(cale. 60'40 p. c. of sugar and 39*60 of helleboretin).

Helleborein is very easily soluble in water, less freely in alcohol,
and insoluble in ether.

Appendix to Helleborem.

1. Helleboretin. The fine dark blue flocks deposited on boiling helle-

borein with acids, form, after washing and drying, a grey-green amor-

phous powder. Inodorous and tasteless. Not poisonous. Melts above
200 to a dark brown-red liquid and carbonises. Dissolves in oil of

vitriol, forming a brownish-red solution, which is precipitated by
water. It is insoluble in water and ether, but easily soluble in alcohol,

with violet colour (Husemann & Marme).
Husemann & Marmg.

mean.

28 C 168 71-19 71'20
20 H 20 8-47 8'48

6 O 48 20*34 20'32

C28H20O6
.. 236 . 100-00 . 100-00

2. Helleborin.

W. BASTICK. Pharm. Journ. Trans. 12, 74; Pharm. Viertelj. 2, 388 ;

N. Repert. 2, 61 ; N. J. Pharm. 23, 205, and 24, 159 ; Kopp's
Jahresber. 1853, 482.

HUSEMANN & MARME. Ann. Pharm. 135, 61.

Discovered by Bastick in black hellebore root. Occurs in traces in
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black, but more abundantly in green hellebore root, especially in old thick roots, of
which 25 pounds yield 4 or 5 grammes (Husemann & Marme) .

Preparation. The comminuted root is boiled repeatedly with alcohol,
and the decoctions are evaporated to a small bulk. The residue con-

taining helleborin, helleborein, and a large quantity of green fat is

shaken repeatedly with boiling water, which takes up the first two con-
stituents and deposits the helleborin in crystals on evaporation. It is

purified by recrystallisation from boiling alcohol (Husemanu & Marine).
Bastick exhausts the root with acidified alcohol, distils, supersaturates the residue
with carbonate of soda, and extracts the helleboriu with ether.

Properties. Shining white needles, which do not melt at 250.
Tasteless in the dry state, but very acrid and burning in alcoholic

solution. Powerfully narcotic (Husemann & Marme). Without action

on vegetable colours (Bastick).
Hitsemann & Marine^

Crystals. mean.

72 432 7578 75-53
42 H 42 7'37 7'51

12 O 96 16-85 16-96

C72H42O 12
.... 570 100-00 10000

Bastick supposes the body to contain nitrogen.

Helleborin melts above 250 and then carbonises. Oil of vitriol

poured upon it turns it bright-red and dissolves it
;
water added to the

solution throws down most of the helleborin in white flocks. It breaks

up into sugar and helleboresin, with assimilation of 8 atoms of water
when boiled with dilute sulphuric acid, or more completely when heated
with solution of zinc chloride :

C72H0 12 + 8HO = C60!!3^8 + C 12H12 12
(Husemann & Marme).

When heated with nitric acid it yields oxalic acid (Bastick).
Helleborin is insoluble in cold water. It is not altered by dilute

acids and alkalis, and does not combine with them. It is not precipi-
tated by iodide of potassium, neutral acetate of lead, or mercuric chloride

(Bastick).
Helleborin dissolves easily in alcohol and in chloroform; sparingly in

ether and/atf oils (Husemann & Marme).

3. Helleboresin. Obtained by boiling helleborin with solution of

zinc chloride (which, on account of its high boiling-point, acts more

powerfully than dilute sulphuric acid) as a brown resin containing
zinc, which is powdered, boiled with hydrochloric acid, dissolved in

boiling alcohol, and precipitated with water. White flocks drying to

a greyish white powder. Softens at 140 150, at the same time

turning brown. Tasteless. Insoluble in water ; slightly soluble in

ether ; easily soluble in alcohol (Husemann & Marine).
Husemann & Marir.6.

60 C 360 77 92 78'02
38 H 38 8-22 7'86
80 64 13-86 14-12

C60H38O8
... 462 , 100-00 . 100-00

VOL. XVIII
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COMPOUNDS CONTAINING 54 ATOMS OF CARBON.

Primary Nucleus C^H48
; Oxygen-nucleus C 54H44 4

.

Chenocholic Acid.

HEINTZ & WISLICENUS. Pogg. 108, 547 ; J. pr. Cliem. 78, 190
;
Chem.

Centr. 1859, 873 ; Rep. Chim. pure 2, 106 ; Kopp's Jahresber, 1859,

634.

OTTO. Ann Pharm. 149, 198.

Chenocholalic acid.

Produced, together with taurine, by boiling taurochenocholic acid

with alkalis or baryta-water. An aqueous solution of taurocheno-

cholic acid is boiled with a large excess of hydrate of baryta for

36 hours, or until the originally dense precipitate becomes granular. The

liquid is then allowed to cool, and the insoluble baryta-salt is washed
and decomposed with hydrochloric acid. The chenocholic acid thus

liberated is purified by washing, pressing, dissolving it in alcohol, and

evaporating. If it still contains nitrogen, derived from undecomposed
taurochenocholic acid, it is again treated with baryta-water, or boiled

for 6 hours with potash-ley, when the potash-salt, which is insoluble

in the excess of potash-ley, is deposited on cooling. It is decomposed
in the same manner as the baryta-salt.

Properties. Pale-yellow resin, obtained on one occasion in indistinct

crystals from a solution in weak alcohol after long standing. After

drying at 100 it is triturable to a highly electric powder. Has an acid

reaction.
Heintz & Wislicenus.

Dried at 100. mean. Otto.

540 ............ 324 ........ 75-00 ........ 75'31 ........ 75'1

44 H ............ 44 ........ 10-19 ........ 10-08 ........ lO'l

80 ............ 64 ........ 14-81 ........ 14-61 ........ 14'8

C5 ;H44O8 _ 432 ........ 100-00 ........ lOO'OO ........ lOO'O

Heintz and Wislicenus adopt the above in preference to the equally possible

formula C54H42O8
. Homologous with hyocholic acid.

Chenocholic acid produces with sugar and oil of vitriol the blood-red

coloration of the bile-acids (p. 66).

It is insoluble in water. Does not dissolve in cold strong potash-

ley, but combines with the base, especially on warming, to form a salt

which dissolves in water and is deposited from its solution in absolute

alcohol as an amorphous mass on evaporation, and thrown down from

the same solution by ether in the form of a tough transparent precipi-

tate. This potash-salt precipitates flocks soluble in alcohol from many
metallic salts and from neutral acetate of lead.

Chenocholate of Baryta. The flocks obtained by double decom-
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position are precipitated by ether from their solution in absolute
alcohol in small white glassy needles. Dissolves with great difficulty
in water, but more easily in alcohol, forming solutions from which car-

bonic acid throws down carbonate of baryta.

Heintz & Wislicenus.

Dried at 100. mean. Otto.

540 324 64-86 6470 65'1

43 H 43 8-61 8'45 8'5

7 56 11-21 11-46 10-9

BaO 76-5 15-32 15*39 15'5

C-wH43BaO8
.... 499-5 10OOO lOO'OO lOO'O

The acid dissolves in alcohol and ether.

Taurochenocholic Acid.

CMNH49S2 12 = C4NH6SI

0',C
84II48 7

.-

TH. MARSSON. N. Br. Arch. 58, 138.

HEINTZ & WISLICENUS. Pogg. 108, 547.

OTTO. Ann. Pharm. 149, ]85 ; Kopp's Jahresb. 1868, 823.

ChenocJiolic acid. Discovered by Marsson in goose-bile.

Preparation of the Soda-salt. Goose-bile is freed from the greater

part of its mucus by the addition of a large quantity of alcohol ; the

filtrate is evaporated ; the dry residue is treated with absolute alcohol ;

and the solution, filtered from mucus and colouring matter, is mixed
with ether, which retains in solution fat and a peculiar crystalline

substance, whilst salts of taurochenocholic acid are thrown down as a

plaster-like precipitate. This precipitate contains potash, which is

removed by precipitating its concentrated aqueous solution with
Glauber's salt. The viscid drops thus thrown down are collected after

some days, when they have become almost hard, purified by again
dissolving and precipitating them as before, then dried, dissolved in

[90 per cent. (Marsson)] alcohol, and mixed with ether. The pre-

cipitated soda-salt still contains a small quantity of an acid precipitable

by neutral acetate of lead ( Heintz & Wislicenus). A similar process is

adopted by Marsson. Otto finds that the soda-salt prepared as above
contains small quantities of ammonia-salts. It may be obtained quLe
pure by precipitating with ammonia and basic lead acetate, decomposing
the precipitated lead- salt with sulphuretted hydrogen, and neutralising
with soda.

To prepare the acid, an aqueous solution of the soda-salt is preci-

pitated with basic acetate of lead ; the plaster-like precipitate is

decomposed under alcohol by hydrosulphuric acid ;
and the filtrate is

evaporated, when the acid remains in the form of a brown soft mass.
It has an acid reaction, and when dissolved in water leaves a small

quantity of white pearly crystals, probably of an acid corresponding to

paraglycocholic acid (p. 61) (Heintz & Wislicenus). This substance

may be obtained in somewhat larger quantity by leaving an alcoholic

solution of taurochenocholic acid in contact with ether and a little

hydrochloric acid (Otto).
K 2
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Inasmuch as taurochenocholic acid, when decomposed by baryta or

alkalis, breaks up into chenocholic acid and tanrine, probably taking

up 2 atoms of water, its formula is assumed to be C58NH49S2 12
. The

composition of the soda-salt, however, agrees approximately with this formula, only
when the salt is supposed to retain two atoms of water after drying at 110 (Heintz
& Wislicenus). See below.

The soda salt gives the colour-reaction of the bile-acids with sugar
and oil of vitriol. Its aqueous solution is not precipitated by acetic,

oxalic, or tartaric acid, but excess of hydrochloric acid throws down
flocks of taurochenocholic acid, which dissolve in pure water.

Potash-salt. An alcoholic solution of goose-bile, mixed with ether,

deposits on standing, tables of the soda-salt, and long thin white

needles, probably of taurocheuocholate of potash (Heintz & Wisli-

cenus).

Soda-salt. Small rhombic tables, which deliquesce rapidly in the

air. Precipitated by ether from a solution of goose-bile in absolute

alcohol, in the form of a plaster, which becomes crystalline only on
addition of water (Marsson). It swells up in water like gum, and
then dissolves completely.
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boiling (Marsson), but slightly soluble in alcohol (Heintz & Wisli-

cenus). The soda-salt is precipitated also by ferric chloride, salts of
manganese, and mercuric nitrate, but not by mercuric chloride, acetate of
copper, or nitrate of silver.

According to Otto, the solution of the soda-salt is precipitated by
basic lead acetate immediately, arid by the neutral acetate after some
time ; also by chloride of barium, chloride of calcium, sulphate of

magnesia, arid nitrate of silver. Taurochenocholic acid is precipitated
from the solution of the soda-salt by the stronger mineral acids, but
not by acetic, oxalic, or tartaric acid.

Primary Nucleus C 84
!!**.

Cerotene.

BRODIE. Ann. Pharm. 67, 210 ; Phil. Trans. 1848, 159.

Cirte (Gmelin).

Chinese wax is distilled, and the distillate is freed from cerotic acid

by treating it with potash-ley and boiling with water. The mixture
of cerotene and empyreumatic oil then remaining undissolved is puri-
fied by pressing, and crystallising, first from a mixture of rock-oil and

alcohol, then from ether. Cerotene is also formed in small quantity

by distilling cerotyl -alcohol.

Cerotene resembles paraffin. It melts at 57 to 58, and solidifies

in a crystalline mass (Brodie). Melts at 57*8 and solidifies at 57

(Duffy, Quart. J. Chem. Soc. 5, 127).
Brodie.

540 .... 324 ............ 8571 ,, ........ 85-40
54 H .... 54 ............ 14-28 ............ 14'31

C^H54
.... 378 ........ ~. 100-00 ............ 99'75

Cerotene becomes fluid when distilled backwards and forwards in a

sealed tube bent at right angles : after six distillations the tube con-

tains inflammable gases and oils, boiling at temperatures varying from

75 to above 260. Moist chlorine converts it into chlorocerotene

(Brodie).
Cerotene melting at 55 dissolves in ether more freely than ozocerite

(Fritzsche, J.pr. Chem. 73, 326).

Cerotylic Alcohol.

BRODIE. Ann. Pharm. 67, 201.

Cerotin.

Occurs in Chinese wax, in combination with cerotic acid.
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Preparation. Chinese wax is melted with caustic potash at a

gentle heat in an iron vessel ; the mass is diffused through boiling
water, and the milky liquid is precipitated with chloride of barium.
The precipitate of cerotylic alcohol and cerotate of baryta thus thrown
down is collected, washed, dried, and powdered, and then boiled with
alcohol containing rock-oil, which takes up the cerotylic alcohol together
with traces of the baryta-salt. The crystals obtained from this solution

are purified by recrystallisation from a mixture of absolute alcohol and
ether till their melting point rises to 79, and until they are free from

baryta.

Properties. Crystals melting at 79 (Brodie) ; melting and solidi-

fying at 81 (Duffy).
Brodie.

54 C ............ 324
56 H
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alcohol from the less easily soluble myricin, by the name cerin. Brodie
found it to be an acid, and prepared it in the pure state.

The products formed by the action of caustic potash on the cerin of

the older chemists are described as cera'in, margaric acid, eerie acid, and
stearic acid.

a. According to Boudet & Boissenot, cerin splits up on boiling
with potash-ley into margaric acid and non-saponifiable cera'in, the

latter of which forms (after being freed from margaric acid by exhaus-
tion with alcohol) a hard, brittle substance, melting above 70, and
unalterable by alkalis. According to Ettling, cerain is infusible in

boiling potash-ley, and contains 78*92 p. c. C., and 13-82 H. Accord-

ing to Brodie's investigations a non-saponifiable product is obtained
from cerin only when it contains myricin, and in that case this product
is melissic alcohol. See compounds with 60 atoms of carbon. b. Accord-

ing to Lewy, cerin, heated to 220 or 230 with potash-lime, evolves

hydrogen, and is converted into stearic acid melting at 70 and con-

taining 76-79 p. c. C., and 12-80 H. When boiled with potash-ley it

yields another acid melting at 65 and containing 79*77 p. c. C.

and 13-73 II. : Lewy's eerie acid. Both acids are doubtless to be

regarded as mixtures containing cerotic acid, and probably palmitic
and melissic acids, derived from the myricin,

Source. Cerotic acid occurs in bees-'-wax, and in combination with

cerotylic alcohol, in Chinese insect-wax (Brodie).
The waxy substances occurring in the vegetable kingdom, the

general diffusion of which was pointed out by Proust, were formerly

regarded as mixtures of cerin and myricin ; they have not, however,
been sufficiently studied. A similar vegetable wax occurs as a coating
on the petals of flowers (Eisner, Schw. 65, 165), the leaves of cabbage,
poppy, and other plants ; on the fruit of Croton sebiferum, Tamex

sebifera, plums, figs, grapes, pomegranates, and lemons ; as a coating
on the stem of Ceroxylon Andicola ;

in the milk of the cow-tree, in

pollen, &c. Raw silk contains cerin, soluble in strong acetic acid

(Mulder, Fogg. 37, 609). Concerning the somewhat more fully investigated
waxes, see Myricin ; on Chinese insect-wax, p. 139 of this volume,

Formation. 1 . Byheating cerotylic alcohol with potash-lime (Brodie),
or by similar treatment of Chinese wax (Lewy ; Maskelyne), in both
cases with evolution of hydrogen. 2. By oxidizing paraffin with
bichromate of potash and dilute sulphuric acid, or with nitric acid;
in the latter case together with succinic, anchoic, and several other

acids (Gill & Meusel, Chem. Soc. J. 21, 466).

Preparation. 1. Bees'-wax is boiled 3 or 4 times with fresh por-
tions of strong alcohol ; and the precipitate which is deposited from the

alcoholic liquids on cooling is collected, and crystallised from boiling
alcohol till the melting point rises to 70. The crystals are dissolved

in a large quantity of alcohol to a perfectly clear liquid, and the solu-

tion is mixed with alcoholic neutral acetate of lead, boiled, and filtered

boiling hot from the bulky precipitate, which is again boiled with
alcohol and ether till it ceases to give up anything to these liquids.
The lead-salt is decomposed with very strong acetic acid, and the

cerotic acid thereby liberated is washed with boiling water, dissolved
in absolute alcohol, and allowed to crystallise. The acid thus prepared
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melts at 78. It may be further purified by boiling it with potash-ley,

precipitating the solution with a large excess of chloride of barium and
carbonate of soda, washing the precipitate with ether, decomposing
with an acid, and crystallising the product repeatedly from ether and
alcohol (Brodie). 2. The acid deposited from alcoholic solution of

bees' wax may also be purified, though with difficulty, by oft-repeated
crystallisation from a large quantity of ether.

The cerotic acid formed in the preparation of cerotene and cerotylic acid by the
methods above described, p. 134, may be purified by washing the baryta-salt with a
mixture of mineral naphtha and ether, decomposing, boiling the liberated acid for

some time with water to volatilise adhering naphtha, and crystallising repeatedly
from ether (Brodie).

^

f 3. From 300 to 500 grammes of paraffin (melting at 60) were
boiled in a flask with 120 grms. bichromate of potash and 180 grins,

sulphuric acid diluted with twice its volume of water, a small quan-
tity of peroxide of manganese being added, which accelerates the
reaction. After boiling for three or four days the chromic acid was
completely reduced. The cake on the surface was then washed, and
boiled with carbonate of soda, and the resulting soap was freed from
unaltered paraffin by means of alcohol. The solid soap, separated
from the liquid by strong pressure, contained acids melting at about

62, while the solution retained acids melting at about 40. On
recrystallising the hard soap from weak spirit, the melting point of the
acids rose to 65. The entire quantity was then converted into lead-

salts, and these were treated with strong alcohol at the boiling heat,
which dissolved a considerable quantity. The acid separated from the
undissolved portion melted at 74 75 ; but the melting point rose by
repeated crystallisation from alcohol and ether, and finally remained
constant at 78. This acid is cerotic acid

; at the same time a number
of other acids of the same series were formed, some solid, others liquid
and volatile, acetic acid predominating amongst the latter (Gill &
Meusel) 1J.

Properties. Granular crystals, melting at 81 (Brodie), 80 (Lewy),
81 to 82 (Maskelyne), 78 (Gill Meusel). Solidifies to a highly
crystalline mass after fusion. Distils unaltered (see below) (Brodie).
Cerin reddens litmus (Lewy).
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distillate consists almost entirely of oil, a little solid substance passing
over towards the end of the distillation only. Cerotic acid melting at 70

yielded a distillate composed of two oily layers, tbe upper of which, amounting to

$ths of the whole, gave up to potash a very little acid, and when dissolved in

alcohol left a little paraffin, after the removal of which the greater part distilled

between 230 and 250. This part of the oil contained 84'3 p. c. C., and 14'05 H.,
the portion distilling at 210 220 contained 84'17 p. c. C., and 13'73 H., and that

distilling at 250 274 contained 85'37 p. c. C., and 14'5 H. (Brodie) Chlorine

converts cerotic into chlorocerotic acid (Brodie). Heated with nitric

acid, it yields lepargylic acid (xiii, 374) and other substances. See

page 139 (Buckton).

Cerotate of Lead. Precipitated from the alcoholic acid by neutral
acetate of lead (Brodie). Yields cerotinone by dry distillation

(Bruckner).
Brodie.

C53H53Q4 409 7973
Pb 104 20-27 20-48

C54H53Pb04
.... 513 100-00

Cerotate of Silver. Precipitated by hot alcoholic nitrate of silver

from a boiling alcoholic solution of the acid mixed with excess of

ammonia (Brodie).

Dried over the wate

54 C 324 ...

53 H 53 ...
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Brodie.

mean.

54 C ............ 324 ............ 74-31 ............ 74-33
56 H ............ 56 ............ 12-84 ............ 13'00

S ................ 16 ............ 3-68
5 O ............ 40 ............ 9-17

Gerhardt (Compt. chim. 1849, 54) doubts the correctness of this unusual
formula.

Cerotate of Ethyl.

BRODIE. Ann. Pharm. 67, 189.

Cerotinather.

Obtained by passing hydrochloric acid gas into a solution of cerotic

acid in absolute alcohol.

Waxy looking body, melting at 59 to 60 (Brodie), melting at 60'3

and solidifying at 60 (Duffy, Quart. J. Chem. Soc. 5, 197).

Brodie.

mean.

58 C ........................ 348 ... ..... 79-45 ........ 79-46
58 H ........................ 58 ........ 13-24 ........ 13-08
40 ........................ 32 ........ 7-31 ........ 7-46

C4H6
O,C

54H63O3
.... 438 ........ 100*00 ........ lOO'OO

Cerotinone.

C 106H106 2 = C^E

BRUCKNER. J. pr. Chem. 57, 17.

Cerotate of lead is submitted to dry distillation, the process being
continued as long as the white fumes condense in a white tallowy
mass. The distillate is purified by crystallisation from boiling abso-

lute alcohol and ether, whereby products melting at 62 and at 50 are

obtained.

White pearly laminae. With chromic acid it evolves car-

bonic acid and an odour of butyric acid. Dissolves freely in cold

ether.

Bruckner.
a. b.

106 C 636 83-90 83-67 83'32

106 H 106 13-99 14-15 14'18

20 16 2-11 2-18 : 2-50

C I06H106O2
.... 758 100-00 100-00 100*00

a melted at 62, b at 50.
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Cerotate of Cerotyl.

C 108H.08 4 _

LEWY. N. Ann. Chim. Phys. 13, 445.
BRODIE. Ann. Pharm. 67, 199.

Cerotincirtester, Gin.

The principal constituent of the Chinese insect-wax, produced by
^the puncture of Coccus sinensis or C. ceriferus on various species of
'

Rhus, Ligusti-um, and Hibiscus, or of Coccus Pela on Fraxinus chinensis.

Chinese wax is white, highly crystalline, harder and more brittle and
fibrous than spermaceti. It melts at 83, emitting an odour of bees-
wax and tallow. It is very slightly soluble in boiling alcohol of sp. gr.
0'837 and in boiling ether; insoluble in cold ether, but soluble in rock-

oil at 60, and in oil of turpentine and rape-oil at 70 (Martius,
N. Repert. 3, 289 ; Hanbury, N. J. Pharm. 24, 136 ; 36, 318 ;

N. Jahrb.

Pharm. 19, 286).
To prepare cerotate of cerotyl, Chinese wax is purified by crystal-

lising it from a mixture of alcohol and mineral naphtha, washing the

crystals with ether, boiling with water, and recrystallising from abso-
lute alcohol (Brodie).

After purification it melts at 82 (Brodie).

108 C
108 H
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the acid is converted into a transparent pale-yellow thick gum, which

may be drawn out in threads.
Brodie.

54 C
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54 C
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Caincetin breaks up when melted with caustic potash, apparently

yielding butyric acid, and a potash -salt which is insoluble in alkaline

water, and contains [after deduction or separation of the potash ?(Kr.)]
74-27 to 75-20 p. c. C., and 10-80 to 10-86 H., probably the salt of an
acid represented by the formula C"H48 8

(calc. 74-46 p. c. C., 10-05 H.)
(Rochleder).

Ca'incetin-potash. Dazzling-white, silky, delicate needles, which
dissolve in caustic potash and are decomposed by water.

Dried at 118 in air-current. R/ochleder.

60 C ................ 360 ........ 69-63 ........ 69'33 ........ 69'58
46 H ................ 46 ........ 8'90 ........ 8'91 ........ 9'08

8 O ................ 64 ........ 12-38 ........ 12-67 ........ 12'42
KO ................ 47-1 ........ 9-09 ........ 9-09 ........ 8'92

C^R^O8,KO .... 517'1 ........ 100-00 ........ 100-00 ........ 100-00

The above is Rochleder's formula, according to which the salt is formed without
elimination of water.

Ca'incetin-laryta. A solution of the potash-salt in weak spirit
throws down from chloride of barium a white crystalline precipitate,
which becomes highly electric when rubbed in the dry state.

Dried at 107 in air-current. Rochleder.

60 C .................... 360 ............ 64-80 .. .......... 64'59

47 H .................... 47 ............ 9-46 ............ 8'51

9 O .................... 72 ............ 12-95 ......... 13-38
BaO ................ 76-6 ............ 13-79 ............ 1352

.. 555-6 ............ 10o-00 ............ lOO'OO

Rochleder' s formula.

Caincetin dissolves in hot, more freely than in cold alcohol: water
converts the solution into a transparent jelly.

Glucosides of Caincetin.

Chiococcic Acid.

ROCHLEDER & HLASIWETZ. Wien. Acad. Ber. 5, 11 ; J. pr. Chem. 51,
415.

ROCHLEDER. Wien. Acad. Ber. 45, 7 ; J. pr. Chem. 85, 285.

Produced by the partial splitting up of caincin by acids (or alkalis)

p. 144.

Caincin is boiled with dilute acids ; the flocks thereby precipitated
are dissolved in boiling weak spirit ; and the solution is cooled, where-

upon nearly the whole of the acid is deposited if the alcohol is not too

strong. The acid is collected on linen, pressed, and purified by
dissolving it in alcohol and precipitating with water.
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Properties. White, translucent, horny, friable mass, turning yel-

lowish-grey at 100. When freshly precipitated it resembles gelatinous
silica. Tastes very bitter.

Rochleder
Three months in a vacuum. & Hlasiwetz.

72 C ............ 432 ............ 68-35 ............ 68'40
56 H ............ 56 ............ 8-86 ............ 8'83

18 O ............ 144 ............ 22-79 ............ 22-77

C72j56O i8 632 ............ KxrOQ ............ lOO'OO

Dried at 120. Rochleder
& Hlasiwetz.

72 C ............ 432 ............ 70-36 ............ 70'18
54 H ............ 54 ............ 8-80 ............ 8'98
16 O ............ 128 ............ 20-84 ............ 20'84

C72H54O 16
.... 614 ............ 100-00 ............ 100-00

The above are Rochleder' s formulae. He and Hlasiwetz proposed the earlier

formulse C 12H 9O3 and C^H^O". Hlasiwetz (Wien. Acad. Ber. 6, 278) formerly re-

garded chiococcic acid as identical with kinovin, but afterwards (Ann. Pharm. Ill,

182) doubted the identity of the two bodies, which has been rendered still less pro-
bable by the researches of Rochleder. The latter chemist now regards chiococcic

acid as homologous with a product formed by the partial breaking up of saponin
according to xvi, 89 c.

Decompositions. Chiococcic acid carbonises when heated, yielding
a small quantity of a shining sublimate, a thick oil smelling of incense

and petroleum, and an acid distillate. It dissolves with red colour in

oil of vitriol (Hlasiwetz). Heated with alcoholic hydrochloric acid, it

breaks up into ca'iucetin and sugar :

2HO = C^H^O8 + C12H12O12
(Rochleder).

Chiococcic acid is insoluble in water. It dissolves in aqueous
alkalis. The alcoholic solution gives with neutral acetate of lead a

white precipitate, which, after washing with alcohol and drying at

100, contains 42-96 p. c. C., 5'30 H., 14*03 0., and 37-71 PbO.
It dissolves in alcohol and is precipitated in the form of a jelly by

water.

Caincin or Camcic Acid.

(J120JJ91Q63
_ C60H4 8

,5C
12I19 9

.

FRANCIS, PELLETIER & CAVENTOU. /. gen. de med. Ill, 150; J. Pharm.

16, 465 ; abstr. Ann. Chim. Phys. 44, 291 ; Repert. 36, 263.

LIEBIG. Pogg. 21, 33 ; Ann. Chim. Phys. 47, 185.

ROCHLEDER & HLASIWETZ. Wien. Acad. Ber. 5, 8; J. pr. Chem. 51,
415 ; abstr. Ann. Pharm. 76, 238 ; Repert. 108, 97.

ROCHLEDER. Wien. Acad. Ber. 45, 7 ; J. pr. Chem. 85, 284.

Aride Jcahincique.

Source. In the bark of the root of Chiococca racemosa (Handbuch,
viii, 56) in which it exists as acid ca'incate of lime (Fran9ois, Pelletier
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& Caventou). The official Tinctura Caincce deposits, on standing,

crystals of a mixture of ca'incic acid and its lime-salt (Landerer, Pharm.

Viertelj. 6, 65).

Preparation. 1. The root is exhausted by repeated treatment with
alcohol of sp. gr. 0'85 ; the tinctures are freed from alcohol by distilla-

tion ; the residue is evaporated and dissolved in water, which leaves
behind fat and a brown powder ; the aqueous filtrate is completely
precipitated with basic acetate of lead ; the precipitate is washed with

boiling water and decomposed under water by hydrosulphuric acid;
the sulphide of lead, which contains the whole of the caincic acid, is

dried and boiled with alcohol; and the alcoholic liquid. is filtered, de-
colorised with animal charcoal, and evaporated till it crystallises.
Or the alcoholic extract may be dissolved in water, the filtrate precipitated with
excess of lime, and the precipitated basic camcate of lime decomposed with alcoholic

oxalic acid (Fra^ois, Pelletier & Caventou).

2. An alcoholic decoction of the root-bark is precipitated with
alcoholic neutral acetate of lead ; the precipitate, which consists of

caffetannate with a little caincate of lead, is separated ;
the filtrate

is precipitated with basic acetate of lead ;
and the liquid filtered from

sulphide of lead is evaporated to crystallisation, if the precipitate pro-
duced by neutral acetate of lead be decomposed by hydrosulphuric acid, and the

filtrate, freed from hydrosulphuric acid, again precipitated with the neutral acetate

and filtered, the filtrate gives with basic acetate of lead a precipitate of ca'incate of

lead, from which ca'incic acid may be obtained by decomposing it with hydrosulphuric
acid, and evaporating the filtrate.

The crystals thus obtained are purified by pressing and recrystal-

lising from weak spirit (Rochleder & Hlasiwetz).

Properties. White, silky, slender, felted needles, inodorous, taste-

less at first, but afterwards very bitter and stj
r
ptic. Permanent in the

air. Reddens litmus (Fran9ois, Pelletier & Caventou).

Eochleder

Liebig. & Kavalier. Kavalier. Rochleder.

120 720 .... 58-30 .... 5674 .... 58'25 .... 57'31 .... 58'24

91 H 91 .... 7-36 .... 7-48 .... 7'75 .... 7'87 .... 7'38

53 O 424 .... 34-34 .... 35'78 .... 34-00 .... 34'82 .... 34*38

C120JJ91Q53 ... 1235 .... 100-00 .... 100-00 .... lOO'OO .... lOO'OO .... lOO'OO

The ca'incin analysed by Liebig lost 9 p. c. more water at 100. The other

analyses (which are given in mean numbers) were made with ca'incin dried at 100,
except that of Rochleder, who analysed caincic acid dried at 110. Rochleder &
Kavalier proposed the earlier formula C 16H13O7

,
for which Rochleder submitted that

given above, deduced from the decomposition-products of cai'ncin. The correctness of

this formula is rendered improbable by the uneven numbers of hydrogen and

oxygen atoms, and also by the composition of the salts of caincic acid.

Decompositions. 1. Caincic acid heated in a glass tube softens, car-

bonises, and evolves white fumes, which partly condense in light

crystals (Francois, Pelletier, & Caventou). 2. It burns when heated,

emitting an odour of incense (Rochleder & Hlasiwetz).

3. Caincic acid dissolves in cold fuming hydrochloric acid, and soli-

difies almost instantaneously to a transparent jelly, from which water
throws down white tasteless flocks, the acid mother-liquor then con-
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taining no more ca'incic acid (Francois, Pelletier, & Caventou). It is re-

solved by hydrochloric acid into caincin-sugar and chiococcic acid, or by
the ultimate action of alcoholic hydrochloric acid into caincin-sugar and
caincetin (p. 141) : the latter body being formed by the elimination of
5 atoms, and chiococcic acid by the elimination of 4 atoms of sugar : -

C120H91Q53 + 15HO = C^H^O8 + 5C12H 12O 12
;

Caincetin.

4C12H I2 12
(Eochleder).

Chiococcic

acid.

The sugar obtained by boiling 100 parts of caincin with hydrochloric
acid for six hours reduces as much tartrate of copper as 50-54 parts of

grape-sugar; at the same time 44-74 parts of jelly (chiococcic acid?)
are produced (Rochleder & Kawalier). On boiling caincic acid for

eight hours with alcoholic hydrochloric acid, and afterwards driving
off the alcohol, with addition of water, 40*09 p. c. of caincetin is obtained

(by calc. 38-06 p. c. C^O8
) (Rochleder).

The sugar produced in the reaction is of a yellowish colour, and has
a sweetish mawkish taste. It smells of caramel when heated, and
behaves like grape-sugar towards an alkaline solution of cupric
oxide (Rochleder & Hlasiwetz). According to Rochleder's later

statements, it is uncrystallisable, and is not identical with dextroglucose.

4. Caincic acid is decomposed by oil of vitriol. 5. Nitric acid acts

like hydrochloric acid at first, but afterwards evolves nitric oxide, and

produces an artificial bitter, but no oxalic acid. 6. Caincic acid dis-

solves in cold glacial acetic acid, remains in the crystalline form when
the solution is evaporated in the air, and gelatinizes on warming
(Fra^ois, Pelletier & Caventou). 7. Caincic acid, heated with very
strong potash-ley, froths strongly, evolves gas, and an odour of meta-

cetone, and forms a yellowish-brown mass, which, when supersaturated
with acetic acid, evolves carbonic acid and deposits chiococcic acid

(Rochleder & Hlasiwetz).

Combinations. Caincic acid requires for its solution more than 600

parts of water, and is very slightly soluble in dilute cold hydrochloric
and nitric acids (Frai^ois, Pelletier & Caventou).

With bases it forms caincates.

The solution of caincic acid in ammonia-water leaves on evaporation
an amorphous pellicle, from which potash expels ammonia. The cain-

cates of the alkalis are bitter and soluble in alcohol ; the potash-salt is

not crystallisable. The solution of caincic acid in baryta-water leaves
no crystals when evaporated (Fra^ois, Pelletier, & Caventou).

Camcate of lime. Caincic acid forms with lime-water a clear

solution, from which more lime-water throws down basic caincate of

lime in white, strongly alkaline flocks (Francois, Pelletier & Caventou).
-The alcoholic extract of the root-bark of Chiococca racemosa contains

caincate of lime, which, when caincic acid is prepared according to

p. 144, remains in the mother-liquor, and may be precipitated in

white flocks by anhydrous alcohol. These flocks, after drying at 100,
contain, on the average, 50-37 p. c. C.. 7-60 H., 36-50 0., and 5-58 CaO
(Rochleder & Hlasiwetz).

VOL. XVIII. L
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Caincate of lead. a. Aqueous caincic acid gives an abundant
white slimy precipitate with basic acetate of lead. The precipitate
contains 26-60 p. c. C., and 51'40 p. c. PbO. (Rochleder & Hlasiwetz).

b. Alcoholic ca'incic acid throws down from alcoholic neutral acetate

of lead, a slight precipitate containing, after drying at 100, 34-95

p. c. C., 4-45 H., 20-30 0., and 40-30 PbO., or 16*atoms C. to 1 atom
PbO (Rochleder & Hlasiwetz).

Ca'incic does not precipitate ferric salts (Rochleder & Hlasiwetz).
It dissolves more freely in hot than in cold alcohol, crystallising- on

cooling. In ether it is not more freely soluble than in water (Frai^ois,
Pelletier & Caventou).

1 According to more recent researches by Rochleder (J. pr. Chem.

cii, 18), ca'incic acid dried at a temperature near 100 has the com-

position C^H^O36
,
but by prolonged drying it loses a little more water,

and then exhibits the composition

800
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at 130. Rochleder.

28 C 168 75-00 75-18
24 H 24 10-71 10-80

40 32 14-29 14-02

C28H2<O4
.... 224 100-00 100-00

Caincigenin is homologous with sescigenin (p. 31), and with the
substance C22H 18

0*, sometimes found in horse-chestnut seeds. It

resembles aescigenin in its physical properties and its relations to

solvents.

When caincic acid is treated with sodium-amalgam and aqueous
alcohol, it dissolves to a brownish liquid, from which dilute sulphuric
acid separates a crystalline substance, C 72!!6^30

, which, after washing
with water and pressing between linen and filter-paper, forms a white
mass having a strong silky lustre.

Dried at 100 in a stream of
carbonic acid. Rochleder.

72 C 432 59-18 59'02 59'23

58 H 58 7-95 8'06 8'09

30 O 240 32-87 32'92 32"68

C72H53Q30
.... 730 100-00 100-00 lOO'OO

The formation of this substance from caincic acid is represented by
the equation

C80H64O36 + 4H = C^H^O30 + C8H8O4 + 2HO.
Caincin. Crystalline Butyric

substance. acid.

By dissolving this compound in alcohol, adding fuming hydro-
chloric acid, and heating for eight hours in the water-bath, it is con-
verted into a gelatinous substance, C 36H28 4

,
more soluble in ether than

in alcohol.

Dried at 120 in a stream of
carbonic acid. Rochleder.

360 216 78-26 78'39 78'34
28 H 28 10-15 10-18 10'49
4O 32 11-59 11-43 11-17

C36H28Q4
. 276 . 100-00 . 100-00 . lOO'OO *H

Azo-nucleus

Jervine.

C'WIF'O6 = C60N2H06
,H'.

ED. SIMON. Pogg. 41, 569; Ann. Pharm. 24, 214. N. Br. Arch. 29,
186.

WILL. Ann. Pharm. 35, 116.

Discovered by Simon in Radix Hellebori albi. Does not occur in

sabadilla seeds.

L 2
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Preparation. The alcoholic extract is boiled repeatedly with water

containing- hydrochloric acid
; the clear filtrate is precipitated with car-

bonate of soda free from sulphate ; the precipitate is dissolved in

alcohol ; the alcoholic solution is decolorised with animal charcoal ; and
most of the alcohol is distilled off : the residue then crystallises on cool-

ing. The crystals are pressed (whereby most of the veratrine is sepa-

rated), moistened with alcohol, and again pressed, jervine then

remaining tolerably pure. Besides veratrine, the mother-liquor con-

tains jervine, which may be recovered by evaporating and boiling the

residue with dilute sulphuric acid. Sulphate of jervine then remains

undissolved, and may be decomposed by boiling with carbonate of soda

(Simon).

Properties. The white crystals, dried in the air, contain 6'88 p. c.

water (4 at. = 6'95 p. c. HO), which they lose at 100. It melts to

a clear oil when heated, does not decompose at 190, but turns brown
above 200, and burns with a smoky flame (Will).

600
2 N
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Primary Nucleus C^H84
; Oxygen-nucleus

Coriamyrtin.

C60H36()20
_

RIBAN. Par. Soc. Bull [2] 7, 79; Compt. rend. 63, 476, and 680;
abstr. Krit Zeitschr. 9, 663.

See xvii, 368. Kiban replaces the formula there given by the above.

Coriamyrtin is not a glucoside.

Properties. For crystalline form, see xvii, 368. It rotates a ray of

polarised light to the right ; [a]j = 24-5.
Eiban.

60 C ............ 360 ........ 64-75 ........ 63*9 ........ 64'2
36 H ............ 36 ....... 6-47 ........ 6'5 ........ 6'6
20 C ............ 160 ........ 28-78 ........ 29-6 ........ 29'2

CeoH36O2o
.... 556 ........ 100-00 ........ lOO'O ........ lOO'O

Coriamyrtin is dissolved and carbonised by oil of vitriol. Fuming
nitric acid produces a small quantity of an amorphous nitre-com-

pound. It is not attacked by dry hydrochloric acid gas, even at 100.
On boiling it with weak aqueous hydrochloric acid, yellow flocks are

produced. The filtrate reduces alkaline solution of cupric oxide, and
contains two resins, one of which is soluble in ether, but no sugar.
Fuming hydriodic acid decomposes Coriamyrtin in the cold, and more
quickly at 100, with separation of iodine, and formation of a black
soft substance which, when washed with water and dissolved in.

alcohol, gives with alkalis an intense purple coloration. Bromine

dropped into alcoholic Coriamyrtin throws down bibromocoriamyrtin,
C^Br2!!3^)20

,
which crystallises from boiling alcohol in fine needles,

containing 50-3 p. c. C., 4-9 H., and 22-35 Br. (calc. 50-4 p.c. C.,
4-8 H., 22-4 Br.). Chlorine produces several crystallisable substitu-

tion-compounds.
Aqueous alkalis colour coriairiyrtin brown. Baryta- and lime-water

form with it yellow amorphous salts (with assimilation of 12 atoms of

water), which are easily soluble in water, sparingly soluble in cold

alcohol, insoluble in ether, and the acid of which is thrown down by
sulphuric or oxalic acid as an amorphous precipitate soluble in water.
The baryta-salt, C^H^Ba5^32

,
contains on the average 44-85 p. c. C.,

5-8 H., and 16-9 Ba. (by calc. 45-1 p. c. C., 6*7 H., 17-1 Ba.) ; the lime-

salt, C^H^GVO32
,
50-45 p. c. C., 6-6 N., and 5-9 Ca. (calc. 50-3 p. c.

C., 6-5 II., 5-7 Ca.).
When coriamyrtiu is heated to 140 with acetic anhydride for an

hour, and the product is washed with water, a soft body, afterwards

falling to a powder, is obtained, which, when dissolved in alcohol and

evaporated, remains as an amorphous brittle mass. It contains 58-45

p. c. C., and 6-3 H., and when decomposed with alkalis yields an amount
of acetate corresponding to 34-3 p. c. of acetic anhydride, and is there-
fore represented by the formula C 84HM 38 = C^H^O20 + 3C8II6Ofl

(Riban)
(calc. 58-5 p. c. C., 6'3 H., 35'5 p.c, acetic anhydride).
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Primary Nucleus C60!!60.

Melene.

C60!!60.

ETTLING. Ann. Pharm. 2, 255.

BRODIE. Ann. Pharm. 71, 156.

Discovered by Ettling, who, however, mistook it for paraffin.

Formation. By the dry distillation of melissic alcohol and myricin
(Brodie), or of bees'-wax (Ettling).

Preparation. Myricin is subjected to dry distillation ; the distillate

is freed from palmitic acid by treating it with potash-ley ;
and the

melene which floats on the surface of the liquid is pressed between

blotting-paper, rectified over potassium, again pressed, and crystallised
from ether (Brodie). Bees'-wax submitted to dry distillation yields amongst
other products, a solid distillate, wax-butter. When this is pressed and melted with
hot water, and afterwards boiled with potash-ley, there separates an oily body, which
solidifies on cooling, and is to be boiled with water and crystallised from 90 p. c.

alcohol. As thus prepared it contains an oxygenated compound, which may be

decomposed by heating with oil of vitriol, after which ether will extract from' the
carbonaceous mass the purer melene (Ettling).

Properties. Colourless crystals, melting at 62 (Brodie), and appear-

ing translucent and lustrous after fusion (Ettling). Volatilises below
its boiling-point.

Ettling. Brodie.

600 .... 360 85-72 84'24 85'31

60 H .... 60 14-28 14'92 14-44

C^H60
.... 420 100-00 99-16 99'75

To this place probably belongs a product obtained from wax (by dry distillation ?)

and examined as paraffin by Lewy. It contains on the average 84'91 p. c. C., 14'90 H.

[= C20!!21 (Lewy)], melts at 46'8, and boils at 370 to 380 ;
its sp. gr. is 0'89, and

its vapour-density 10 to 11'8 (Lewy, N. Ann. Chim. Phys. 5, 395).

Decompositions. 1. Melene is not attacked by cold nitric acid of

sp. gr. 1-25, and distils unchanged with the boiling liquid. 2. When
heated with oil of vitriol, it slowly turns yellow, then brown. On
boiling it with oil of vitriol a portion of the melene is carbonised, a

second portion volatilises, and the remainder may be extracted by ether

from the washed residue in its original state. 3. Melene, when pure,
is not affected by potash-ley or by potassium (Ettling).

Melissic Alcohol.

CJ60JJ62Q2 = C^H^HW.

BRODIE. Ann. Pharm. 71, 147 ; Phil. Mag. 35, 246.

Melissin. Myricyl-alcohol. Occurs in the free state in Canaiiba
wax (p. 159), and may be dissolved out by alcohol (Maskelyne,
Chem. Soc. J. [2], vii, 87).
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Preparation. From Myricin. Myricin is saponified by boiling with

strong potash-ley, or with alcoholic potash, or by melting with
caustic potash ; the alcohol that may have been employed is distilled

off; and the soap, dissolved in boiling water, is decomposed by adding
an acid to the boiling solution. The fused mass thereby separated is

boiled repeatedly with water, and dissolved in a large quantity of

alcohol; and the abundant precipitate formed on cooling is collected on
a filter and purified by repeatedly dissolving in alcohol and crystallising,
when the palmitic acid also formed at the time of saponification remains

in solution. The product is further purified by recrystallising it from

rectified coal-oil. Or the solution of the potash-soap is precipitated

by a baryta-salt ;
the baryta-soap is exhausted with ether

;
and the

substances taken up thereby are crystallised repeatedly from ether or

alcohol, till the melting-point rises to 70 to 80. Pure melissic alcohol,
in very small quantity, is obtained only by collecting apart that portion
which crystallises from the ethereal solution when partially cooled by
means of a heated funnel. Bees-wax or Ceylon wax may be employed, instead

of myricin, for the preparation of melissic alcohol (Brodie). Also Canaiiba wax

(Maskelyne).

Properties. Crystalline silky mass, melting at 85 (Brodie), about 88

(Maskelyue), and solidifying in a fibrous crystalline mass on cooling.

Brodie. Maskelyne.
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agitating the mass with water at 80, then drying it and digesting with

ether, the iodide remains behind as a mass melting at 67, while a body
melting at 70 75-5 passes into solution. The iodide yielded by
analysis numbers agreeing nearly with either of the formulae C60II61

I,

or GHI.

60 C
61 H

I
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Myricin.

JOHN. Dessen chemische Schriften, 4, 38.

BUCHHOLZ & BRANDES. Repert. 4, 145.

BOUDET & BOISSENOT. J. Pharm. 13, 42.

ETTLING. Ann. Pharm. 2, 206.

HESS. J. pr. Chem. 13, 415.

VAN DER VLIET. /. pr. Chem. 16, 302.
LEWY. N. Ann. Chim. Phys. 13, 438.
BRODIE. Phil. Trans. 1849, 91; Phil. Mag. 35, 244; Ann. Pharm. 71,

144
; J. pr. Chem. 48, 391 ; N. J. Pharm. 16, 66

; Kopp's Jahresber.
1847 and 1848, 704.

Palmitate of melissyl. John distinguished the portion of bees-wax or myrtle
wax, insoluble in alcohol, from the soluble cerin by the name myricin. Brodie first

prepared it in the pure state and ascertained its nature.

Source. In bees-wax, especially abundant in that from Ceylon.

Preparation. Bees-wax is boiled with fresh portions of alcohol so

long as the decanted solution continues to precipitate neutral acetate of

lead, and therefore contains cerotic acid. The crude myricin then
remains as a greenish non-crystalline mass, of waxy consistence,

having a faint odour of wax, and melting at 64. It is purified by
crystallising it repeatedly from ether, or more quickly from a mixture
of coal-oil and ether, and collecting the crystals first deposited from
the still warm solution (Brodie).

Properties. Feathery crystals, melting at 72 and solidifying to a

highly crystalline mass (Brodie).
Brodie.
mean.

92 C 552 81-65 81'54

92 H 92 13-60 13'38

4O 32 4-75 5-08

676 100-00 100-00

To be regarded as palmitate of melissyl (Brodie) .

Crude myricin is harder and more brittle than cerin (John) ; very
hard, brittle, and but slightly plastic (Ettling) ; of the consistence of

wax and not crystalline. Sp. gr. 0'9 at 19 (John), 1*0 (Buchholz &
Brandes). Melting-point of the investigated product 35 to 37*5

(John); 58-7, solidifying at 58 (Ettling); 65 (Boudet & Boissenot;

Hess). Solidifies at 60-5 (Lewy).

Analyses of crude Myricin.
Van der Vliet. Lewy.

Ettling. Hess. a. b. a. b.

C .... 79-50 .... 79-93 .... 80-54 .... 79*35 .... 80-23 .... 80-28
H .... 13-80 .... 13-30 .... 13-54 .... 13'06 .... 13'33 .... 13-22

O .... 6-70 .... 6-77 .... 5-92 .... 7'59 .... 6-44 .... 6'50

100-00 .... 100-00 .... 100-00 .... 100-00 .... 100-00 .... 100-00

a myricin from yellow wax ;
b from white wax.
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Decompositions of crude myricin. I. When submitted to dry distilla-

tion it emits an odour of butyric acid, which is the fainter the more

carefully the myrin is exhausted with boiling alcohol. The distillate

consists at first of fatty acids, amongst which palmitic acid predomi-
nates, and afterwards of hydrocarbons rich in melene ( Brodie). Volatilises

almost entirely undecomposed, a small portion being converted into acetic acid,

empyreumatic oil, chrysene, and a little charcoal (Boudet & Boissenot). 2. It is

saponified with difficulty by boiling with potash-ley* more easily by
alcoholic potash, or by fusion with potash hydrate, being thereby
resolved into melissic alcohol and palmitic acid (Brodie). Ettling and
Boudet & Boissenot did not succeed in saponifying it.

Besides the above products, other bodies are obtained from crude

myricin : a. In the purification of myricin by crystallisation from ether

or coal-naphtha, there remains in the mother-liquor a body resembling
melissic alcohol, melting at 72 to 78-5, and containing, when it melts
at 72, 82-22 p. c. C., 14-14 H., and when melting at 78-5, 82-59 p. c. C.,

14*27 H.
;

its melting-point cannot be reduced below 72. When
heated with pota.sh-lime, it yields an acid melting at 77-5, con-

taining 78-16 p. c. C., and 13-03 H.. and in the silver-salt 60-68 p. c. C.,

10-03 H., and 22-25 Ag. b. With the palmitic acid there occurs an
acid of lower melting-point, difficult to separate (Brodie). By treat-

ing myricin with potash-ley, Lewy obtained his myricic acid, melting
at 60*5 and containing 77-78 p. c. C., and 13-17 H., doubtless a
mixture.

Myricin dissolves very slightly in alcohol, but with moderate

facility in pure ether (Brodie). It requires for solution 123 parts (Buchholz &
Brandes), 200 parts (John) of boiling absolute alcohol, and 99 parts of cold ether

(Buchholz& Brandes). It dissolves easily in hot oil of turpentine, from
which it does not separate on cooling (John), and more easily than cerin

in cold capnomor (Reichenbach).

Appendix to Melene.

1. Bees'-wax.

Consists principally of a portion soluble in alcohol, cerin [Brodie's
cerotic acid (p. 134)], and a portion nearly insoluble therein, myricin
(p. 153), the two bodies being present in varying proportions.

John found a large quantity of cerin and little myricin. Buchholz
& Brandes found 90 p. c. cerin, and 8 p. c. myricin ; Boudet &
Boissenot, 70 p. c. cerin, 30 myricin. One wax investigated by Brodie
contained 22 p. c. cerotic acid, which was altogether wanting in a
wax produced by wild bees in Wiltshire, and in Ceylon bees-wax.
Van der Vliet (J. pr. Chem. 16, 302) considered wax to be a single sub-
stance ; Gerhardt (N. Ann. Chim. Phys. 15, 236) regarded it as the

aldehyde of stearic acid.

Wax also contains a substance to which it owes colour, smell, and
taste, and a resinous yellow colouring matter, which remains in solution
when yellow wax is dissolved and the solution cooled (Bizio, Brugn.
Giorn. 15, 347). Its adhesiveness is due to an oily substance, which
dissolves in alcohol, and remains in the mother-liquor after crystallising
out the cerotic acid (Brodie), and when recovered by evaporation forms

Lewy's cerolein, melting at 28-5, easily soluble in cold alcohol and ether,
and containing 78-74 p. c. C., 12-51 H., and 8-75 0. This body may be
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resolved into an acid and a non-saponifiable substance. Alcoholic
extracts of wax contain, besides cerotic acid, small quantities of an acid

resembling margaric acid, the lead-salt of which, precipitated by
neutral acetate of lead, dissolves in the alcoholic liquid on boiling, and
is obtained in crystalline granules on cooling the solution (Brodie).
Crude wax yields an aromatic principle when distilled with water.

When bees-wax is exposed to air and light, it loses its colour, taste,
and smell, and is converted into white or bleached wax.

This change takes place more rapidly on the addition of oil of tur-

pentine (O'stermaier, Repert. 48, 97; Schmidt, Jahrb. pr. Pharm. 2,211).
Wax is also decolorised by treating it with ether, which dissolves the

Colouring matter (Hess). Concerning the alteration which had taken place
in the wax from an antique lamp, and the Acide cerantique obtained therefrom, see

Braconnot (N. Ann. Chim. Phys. 21, 484).
Bleached wax is brittle in the cold ;

has a splintery, not crystalline
fracture ;

is flexible when warmed
;
and melts at 61 to 64. Melted

wax begins to be turbid at 64, and solidifies completely at 62-75, with
smooth surface (Chevreul). Under certain circumstances, wax exhibits

a crystalline structure under the microscope (Dujardin, Compt. rend. 30,

172). See also Bottger (N. Jahrb. Pharm. 16, 309 ; Chem. Centr. 1862,

80). Sp. gr. 0-96 (Bostock), 0-962 (Legrip), 0-966 in the solid state,

0-834 at 81, 0-8247 at 94, the sp. gr. of water at 15 being 1 (Saus-
sure). Wax adulterated with tallow is lighter, and has a lower melting-
point.

Hess. Marchand. Van der Vliet. Lewy.
a. b. a. b. a. b. a. b.

0.... 79-30.... 79-06.... 79-83.... 80-00.... 80'54.... 80-61.... 80'23.... 79'24
H.... 13 20 .... 13-16 .... 13-44 .... 13-16 .... 13'52 .... 13 50 .... 13'39 .... 13-18

O.... 7-50.... 7'78.... 6-73.... 6'84.... 5 -94 .... 5'89 .... 6'38 .... 7'58

100-00 .... 100-00 .... 100-00 100-00 .... 100-00 .... 100-00 .... 100-00 .... 100-00

Hess treated yellow wax with ether, and examined (a) the undissolved, and (b)

the dissolved portion. Marchand's analysis (a) was made with yellow wax, de-

colorised by a little ether ; the analysis (b) with virgin wax. Van der Vliet pro-
ceeded in the same manner as Hess. Lewy analysed (a) crude, and (b) bleached

wax.

Wax boils at a temperature about 20 higher than the boiling-point

of spermaceti. It yields by dry distillation, first a watery .liquid, then

wax-spirit, then a thick distillate, partly solidifying in the neck of the

retort, wax-butter, and lastly a thin yellow empyreumatic oil. During
the whole of the distillation, an evolution of carbonic acid and gaseous

hydrocarbons [homologous with ethylene (Gerhardt)j takes place.

If the distillation be suspended before it is complete, the residue

forms a black, elastic, greasy mass ;
when it is continued to the end,

nothing remains but charcoal (John ; Ettling). When wax is gently

boiled, traces only of gas and aqueous liquid, but a large quantity of

solid distillation-products, are obtained ; rapid distillation produces
more gas and empyreumatic oil (Fromherz).
The aqueous distillate contains acetic and propionic acids (Poleck).

Sebacic acid (Fromherz ;
Boudet & Boissenot), and acrolein are never

obtained from wax (Poleck). The cerotic acid of wax, which distils un-

altered per se, is not found in the distillate from wax (Brodie). See

p. 137. Wax-butter, after pressing and melting with warm-water,
is white and brittle. It is resolved by boiling with potash-ley into a
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fatty acid which dissolves [palmitic acid derived from the myriciu

(Brodie); margaric acid according to older statements], and melene,
which solidifies on cooling (Ettling's paraffin, p. 150). In this de-

composition it yields neither glycerin nor volatile acids (Poleck, Ann.
Pharm. 67, 171). By repeated distillation, the wax-butter is converted

into a very limpid yellow oil, wax-oil, which has a very pungent taste

and smell, and, when rectified, first with water and afterwards over

potash, and dried, is of sp. gr. 0*7502 at 11, boils at 137, and contains

84'3 p. c. C., 14-3 EL, and 1*4 0. It turns syrupy and carmine-red with
oil of vitriol, and when treated with dry hydrochloric acid gas, becomes

dark-red, and deposits red, probably crystalline drops (Ettling).
The empyreumatic oil from wax deposits laminae of melene in the

cold. When freed from adhering margaric acid by potash, arid rectified,

it leaves more melene ; the distillate, after treatment with potassium,
boils at 160 to 220 and higher, but at all points of the distillation the

product contains equal numbers of atoms of carbon and hydrogen
(85-4 p. c. C., 14-6 H.) (Gerhardt).
Wax mixed with spongy platinum, and heated to 100, is completely

converted into carbonic acid and water by a sufficiently prolonged
current of oxygen ; at 280 it enters into brilliant combustion (Reiset &
Millon, N. Ann. Chim. Phys. 8, 285"). Wax is attacked by strong
nitric acid on gentle warming, the action being at first violent, after-

wards more moderate. After digesting for some days, it floats on the

surface of the acid as a thick oil, but on still longer digestion, with
addition of fresh acid, it dissolves completely. The solution still con-

tinues to evolve red fumes, and if boiled till the fumes disappear, it

yields, on evaporation, crystals of succiuic acid, giving off at the same
time a small quantity of volatile oil of rancid odour (Ronalds, Ann.
Pharm. 43, 356). Wax boiled for two hours with nitric acid is converted
into a solid mass, which is soluble in carbonate of soda, and after boiling
with the acid for 24 hours, is completely dissolved, with the exception
of cenanthylic acid which floats on the surface. When wax is boiled

with nitric acid till it is completely dissolved, the solution yields on

evaporation, pimelic, adipic, and lipic" acids, but no suberic acid (Ger-
hardt). Deschamps (N. J. Pharm. 4, 205) obtained suberic, succinic,
and butyric acids from white and yellow wax, and from cerin and

myricin, which, according to other statements, yield also oxalic and
acetic acids.

Crude wax is bleached by melting it in chlorine-water, or in aqueous
chloride of lime, but it takes up chlorine at the same time. It forms
with oil of vitriol, when heated, a dark-brown transparent solution,
which becomes turbid and thick on cooling, and is precipitated by water.

One hundred parts of wax, saponified with 200 parts of caustic potash
and water, yield 34-6 parts of mixed acids, and 56'7 parts of non-

saponifiable substance. The latter body begins to solidify at 75, is

quite solid at 72
J

,
but still remains soft at 64 (Chevreul). By very

strong potash-ley wax is entirely converted into a soluble soap (Lewy).
When wax is boiled for 6 hours with potash-ley, it is distinctly attacked,
swells up, and separates from the liquid as a creamy mass, easily
soluble in water (Berzelius, Warington & Francis, J. pr. Chem. 32,

282). With fused caustic potash it produces the pseudo-cera'inoi War-
ington & Francis, a body allied to cerain (p. 135), and, like it, un-

doubtedly a mixed substance. See also Deschamps (N. J. Pharm. 4,

205), who by the action of potash on wax, obtained butyric, ulmic, and
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margaric acids, an acid oil, and a uon-saponifiable substance. The wax-

soap is very hard
; the acid separated from it melts at 70 (Geiger &

Oppermann, Mag. Pharm. 35, 62). A little wax is saponified also by
boiling for a very long time with carbonate of soda (Repert. 94, 153).
Wax forms with warm aqueous ammonia an emulsion which deposits it

on cooling, in flocks which are more easily fusible than wax, and appa-
rently slightly soluble in water (Bostock). It is insoluble in a boiling

aqueous solution of borax (Batka).
Wax may be melted together with phosphorus, sulphur and selenium.

It is insoluble in cold alcohol, but soluble, according to Bostock &
Boullay, in 20 parts, and, according to Chevreul, in 50 parts of boiling
alcohol of sp. gr. 0*816. Alcohol of sp. gr. 0'804 dissolves yellow and
white wax completely; weaker alcohol dissolves only white wax
(Van der Vliet, J.pr. Chem. 16, 302). Wax is insoluble in cold, but
soluble in 10 parts of boiling ether (Bostock). It dissolves partially
in cold chloroform (A. Vogel), in which yellow wax turns white (Batka).
It is soluble in hot acetone, partially separating on cooling (Chenevix),
and in all proportions of warm volatile oils, which deposit the greater

part on cooling. Melted wax mixes with fat oils, forming unctuous

masses, cerates. On the adulteration of wax and its detection, see

Chateau (Mulhous. Soc. Bull. 32, 406) ; on the detection of paraffin in

wax, see Lies-Bodart (N. J. Pharm. (4) 3, 217).

2. Other varieties of Wax.

Wax of Leaves and Fruits. The wax of cabbage-leaves is fusible, and
after melting solidifies at 75 to 73 to a soft mass, hardening at 65.
It is not saponifiable by caustic potash (Chevreul). Einhof (A. Gehl.

6, 63) obtained from green barley-stalks a green saponifiable wax, and
from the dry straw a yellow wax.

When leaves (of Pyinis communis) which have become yellow are

freed from leaf-yellow (xvi, 515 ) by exhausting them with cold alcohol,
and afterwards boiled with alcohol, the decoction solidifies to a jelly on

cooling. This jelly, when washed with cold alcohol and dissolved in

boiling alcohol, is obtained in milk-white, chalky lumps, which melt
at 75 and are solid and opaque after cooling. The wax is inodorous

and tasteless ; it distils unchanged out of contact with air, and is

insoluble in caustic potash. It dissolves in 425 parts of alcohol, and is

deposited from a hot solution, on cooling, in the form of a translucent

paste. It is rather more freely soluble in cold ether (Berzelius, Ann.
Pharm. 21, 258).

When grass is exhausted with ether, the .solution evaporated
and the residue dissolved in boiling alcohol, the solution deposits on

cooling a white wax, containing after fusion, 79'3 p. c. C., 13*3 H., and
7'4 H. The leaves of syringa similarly treated yield a wax contain-

ing 79-9 p. c. C., and 13*3 H., and resembling the wax of vine-leaves

(Mulder, J.pr. Chem. 32, 174).
The white rime with which fruit is covered is a resin which exists as

a varnish while the fruit is unripe, and appears as a white powder only
on the ripe fruit. It is dissolved by washing the whole fruit with

ether, and remains, on evaporating the solution, as a white, very light

powder ;
or if the ether contains alcohol, the residue solidifies to a

jelly. The resin is amorphous, inodorous, and tasteless ; it melts
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at about 250, without previous softening
1

,
to a brown mass, which is

friable when cold, and carbonises about 300, giving off empyreu-
matic oil. It is attacked by nitric acid, when heated, and converted
into a bitter substance soluble in water. Dissolves in oil of vitriol,

with dark-purple colour. Not saponifiable by strong potash-ley.
Dissolves in alcohol and ether, also in volatile fat oils (Berthelot,
N. J. Pharm. 9,177).

The wax of fruit melts only above 200 (Baudrimont, JV. J. Pharm.

3, 404).

Wax of Angelica root. Obtained in the preparation of angelic

acid, according to x, 413, and purified by washing it with water and

crystallising from boiling alcohol. White flocks or nodules, without

taste or smell, rather softer than bees'-wax, and easily fusible. Melts
in boiling potash- lej

T

,
without dissolving. Dissolves more easily than

bees'-wax in alcohol and ether (Buchner, Eepert. 76, 166).

Wax of Antiar Upas. Deposited from an extract of the juice pre-

pared with hot alcohol on cooling, and purified by boiling with water.

See xvi, 217. White, brittle wax, softening at 30, and melting at 35.

Sp. gr. 1*016 at 20. Decomposed by nitric acid ; blackened by oil

of vitriol ; not affected by hydrochloric acid or potash-ley. Soluble

in alcohol and ether, especially on boiling. Contains on the average
77-29 p. c. C., 11-71 H., and 11 0. (Mulder, Fogg. 44, 414).

Eadix Aristolochice antihi/stericce contains a wax allied to cork-wax
(Wittstein, Eepert. 57, 152).

Arnica wax. The substance formerly known by this name was
found by Walz to consist of myristate of magnesia.

Wax or resin forming the principal part of the wood of Balanophorce

(a family of parasitic plants from Java). Melts between 90 and 100.
The crude, somewhat sticky substance is rendered brittle and friable by
prolonged boiling with water, whereby a trace of volatile oil is evolved.
Neutral. When purified by dissolving it twice in ether, boiling with

water, and drying at 100, it contains 79*58 p. c. C., 11-22 H., and 9-20 0.,

corresponding approximately with the formula C 12H100. It emits an

agreeable odour when burnt, and leaves a light combustible charcoal.

It is but slightly attacked by cold fuming nitric acid, and gradually dis-

solves in the dilute acid on warming. It dissolves in oil of vitriol to a fine

brown-red liquid, from which water precipitates it unaltered and white.
It is not affected by boiling for some hours with strong potash-ley.
Dissolves very slightly in alcohol, forming a solution which is turned
white by water, and not rendered clear by ammonia. Soluble in all

proportions of ether (Poleck, Ann. Pharm. 67, 179).

^ Canauba wax. Forms a coating on the leaves of the Canaiiba
tree of Brazil (Copernicia cerifera). Light yellow with a tinge of green,
considerably harder than bees'-wax at ordinary temperatures ; melts at
about 84 ; has a sp. gr. of 0-99907 ;

and leaves about 0-14 p. c. ash
when burnt. By saponification with alcoholic potash it yields a con-
siderable quantity of melissic alcohol, melting at about 88 (p. 151),
which exists in the wax in the free state, and may also be dissolved
out from it by alcohol. The wax also contains small quantities of

other alcohols, very difficult to separate. By repeated crystallisation
from benzol and ether, it appears to yield an alcohol, C^H^O3

, melting
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at 78, and a substance, C^II^G 6
, melting at 105. Lastly, the wax

contains a mixture of several acids, differing in their melting points,
but very difficult to separate from a resinous body which adheres to
them (Maskelyne, Chem. Soc. [2], 7, 87). f

Carnauba wax (probably identical with the preceding). Exists in
thin films on the leaves of a Brazilian palm [Corypha cerifera (Virey,
J. Pharm. 20, 112)] and falls off in scales when the leaves are dried in the
shade (Sigaud, N. J. Pharm. 5, 1 54). Purified by melting. Pale-grey
powder, melting at 97, and solidifying to a cracked, dirty-green mass of

sp. gr. 0-98. Has an agreeable odour of new hay, and is nearly tasteless.
It carbonises when heated in chlorine, and is turned brown by oil of

vitriol, becoming less fusible and inflammable. When boiled for half an
hour with potash-ley, it acquires a reddish colour, but is not dissolved
or saponified (Brande, Gilb. 44, 287). The solutions in boiling alcohol
and ether solidify on cooling, from separation of a purer wax, which is

crystalline, very brittle, and friable; melts at 83-5, and contains 80-33

p. c. C., 13-07 H., and 6-60 0. (Lewy, N. Ann. Chim. /%*., 13, 449).
It yields by dry distillation a product resembling paraffin, containing
85-24 p. c. C., and 14-93 H. (Lewy, N. Ann. Chim. Phys. 5, 395).

Coca wax. In coca leaves. In the preparation of cocaine, accord-

ing to xvi, 302, 2, this wax is precipitated by lime, and may be extracted
from the washed and dried lime- precipitate by ether, together with

leaf-green. The ethereal solution is evaporated ; the residue is dis-

solved in boiling alcohol
; and the granules deposited on cooling aro

purified by recrystallisation from boiling alcohol. Light, white granu-
lar mass, brittle and dry to the touch, becoming electric when rubbed.
Melts at 70. Contains 80-2 p. c. C., 13-4 H., and 6-40., corresponding
with the formula C66H660*

(calc. 80-16 p. c. C., 13-36 H.). Carbonises when
heated, evolving emp3

Treumatic products, but no perceptible ammonia
or acrolein. Dissolves in hot potash-ley. Insoluble in water and in

aqueous acids and alkalis. Dissolves slightly in cold, more freely in

boiling alcohol, and very easily in ether (Niemann, Dissertation).

Cork-wax. Chevreul's cerin. Extracted by hot alcohol from cork

previously exhausted with water. The alcoholic liquid, when con-
centrated and cooled, deposits crystals of cerin, amounting to 1*8 to
2-5 p. c. of the cork (Chevreul). Small, white, transparent needles,
which soften and sink in boiling water (Chevreul). Pale-yellow needles,
containing 74-87 p. c. C., 10-49 II., 14-64 0. (Dopping).

Cork-wax heated in a glass tube does not melt, but gives off empy-
rcurnatic products which do not smell of acrolein. On platinum foil it

burns with a bright flame (Dopping). When subjected to dry distilla-

tion it yields a little acid water and a large quantity of oil, which

partly solidifies in the crystalline state on cooling (Chevreul). It dis-

solves in hot nitric acid, evolving nitric oxide and forming oxalic acid
and a product precipitable by water (Chevreul). On boiling with
weaker nitric acid the products are nitric oxide, carbonic acid, a little

oxalic acid, and eerie acid, which floats on the surface in the form of an
oil. Very strong nitric acid acts in a similar manner, but dissolves a

part of the eerie acid, which is precipitated by water (Dopping). The
wax dissolves in oil of vitriol with blackening (DoppingX When boiled

with potash-ley it turns yellow or brown without dissolving.
The wax dissolves in 413 parts of boiling alcohol of sp. gr. 0-816

(Chevreul). (Chevreul, Ann. Chim. 96, 170; Schw. 16, 331). Dop-
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ping (Ann. Pharm. 45, 287). See also Bley (N. Br. Arch. 17, 179). It

is uncertain whether Boussingualt's cork-resin (xvi, 204) belongs to this

place or not.

Ceric acid. Produced by the action of nitric acid on cork-wax, or

by treating cerin with a little nitric acid of sp. gr. 1-35, whereupon the
eerie acid rises to the surface as an oil, a part remaining in solution
and being precipitated on addition of water. The product is washed
with hot water, dissolved in alcohol, and evaporated. It forms a

yellowish-brown, translucent, waxy mass, melting below 100 and con-

taining 64-23 p. c. C., 8*77 H., and 27-00 0. It dissolves easily in

ammonia and potash, from which it is precipitated by acids. It forms
a neutral lead-salt containing 22-40 p. c. PbO., obtained by precipitating
the alcoholic acid with neutral acetate of lead, and a basic salt contain-

ing 46'18 p. c. PbO., obtained by precipitating the ammoniacal acid with
neutral acetate of lead (Popping, Ann. Pharm. 45, 292).

Wax from the milk of the Cow-tree (Galactodendron utile). When
the residue left on evaporating the milk is exhausted with cold abso-

lute alcohol and with alcohol of sp. gr. 0-89, these liquids take up resins ;

and from the undissolved portion, boiling absolute alcohol dissolves the

wax, which it deposits on cooling. Neutral small grains, made up of

microscopic pointed needles Melts at 65 and is saponified with diffi-

culty by potash. Dissolves sparingly in cold, more freely in boiling

ether, which becomes turbid or gelatinous on cooling. Contains
78-82 p. c. C., 12-39 H., and 8-79 0., corresponding to the formula
C70H66 6

. The same wax occurs in a vegetable milk from Marmato, in

Columbia (Heintz, Pogg. 65, 240). See also Boussingault & Ricero

(Ann. Chim. Phys. 23, 219), Solly (Phil. Mag. 11, 452). The wax of

the cow tree is identical with bees'-wax (Boussingault, Ann. Chim.

Phys. 59, 24).
The ripe capsules of the blue-seeded poppy contain a wax sparingly

soluble in ether, allied to cerain, and an easily soluble wax allied to

myricin (Winckler, Repert. 59, 27).

Cuba wax. Dirty yellowish-brown, or liver-coloured wax, honey-
yellow in thin sheets, rather softer than ordinary bees'-wax. It is

insoluble in water, but completely soluble in boiling alcohol, hot oil of

turpentine, and boiling ether. In cold ether it falls to a granular

powder. Contains 9 p. c. of soft resin, 77 p. c. of cerin, and 10'5 p. c.

of myricin (Brandes, Ann. Pharm. 10, 239).

Wax of Elecampane root. Obtained by exhausting the root, first

with water, then with boiling alcohol, which deposits the wax on cool-

ing. Yellowish-white, tough between the teeth, and somewhat sticky.
Tasteless. Deposited from its solution in hot alcohol and ether in the
form of a yellowish-white powder (John, Chem. Schrift. 4, 65). Pro-

bably impure helenin (xvii, 522).

Wax of Hops. Extracted from fresh hops by ether, together with

hop-bitter and other substances, and purified by treating the ethereal
extract with cold alcohol, which leaves it undissolved, and crystallising
from hot alcohol (Lermer, Pharm. Viertelj. 12, 506).

Wax of Juniper berries. When the berries are boiled with alcohol

and the decoction is filtered hot, it deposits on cooling a grey, brittle,
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friable wax, which melts to an oil in boiling water, emitting an odour
of wax. When submitted to dry distillation, or when burnt, it

behaves like other waxes. It is converted into a resin by long boiling
with nitric acid, and does not dissolve in aqueous potash, even after

prolonged boiling. It is freely soluble in hot alcohol, which deposits
the whole of it on cooling ; insoluble in cold, but soluble in hot ether ;

and easily soluble in warm fatty and volatile oils (Trommsdorff,
Taschenb. 1822, 48). Nicolet's juniper wax (J. Phann. 17, 312),
extracted by alcohol from juniper berries, previously boiled with water
and dried, behaves in a similar manner. When juniper berries are

distilled with water to obtain the volatile oil, the residue in the still,

strained while hot, deposits on cooling and concentrating, a mixture of

wax and resin, from which cold alcohol takes up the resin. The undis-

solved wax, purified by repeated crystallisation from alcohol, with the

help of animal charcoal, is white and fusible, and breaks up, after

fusion, into hard angular pieces, which are translucent and lustrous. It

dissolves in boiling potash-ley, and is deposited on cooling (Steer, Wien.
Acad. Ber. 21, 383).

The pollen of Lilium croceum gives up to ether a yellow wax, which
bleaches on exposure to light, and is saponified with difficulty by potash.
It contains 79-59 p. c. C., 12-04 EL, and 8-37 0. (Fremy & Cloez, N. J.

Pharm. 25, 161; Pharm. Centr. 1854, 458).

Wax of the Jruit of the Mountain Ash and of the root of the Apple-
tree. a. Extracted from the fruit by ether and bleached by chlorine.

b. Obtained in the preparation of phloridzin. According to Mulder,
both waxes have the same composition, and occur generally throughout
the vegetable kingdom; a contains 68-49 p. c. C., and 9-27 H. ;

b, 68-69 p.c. C., and 8-88 H. (Mulder, J. pr. Chem. 32, 172).

Palm-wax. Ceroxylin or Cerosilin. The trunk of Ceroxylon Andi-

cola, a palm of New Granada, is covered with a substance which may
be scraped off, and when purified by boiling with water and made into

balls, forms the cera de palma. It is a mixture of wax and resin

(xvii, 405), from which the wax may be separated by dissolving it in a

large quantity of boiling alcohol : the solution deposits the wax, on

cooling, in the form of a white jelly, which is freed from adhering
resin by crystallising it repeatedly from boiling alcohol. Very deli-

cate silky needles (Bonastre). Yellowish-white, resembling bees'-wax,

melting in boiling water (Boussingault), at 72 (Lewy), to a faintly
coloured liquid. Contains, on the average, 80-3 p. c. C., 12-7 H.

(Boussingault), 80-7 p. c. C., 13'3 H. (Lewy). Dissolves in boiling

alcohol, and more freely in ether. Boussingault (Ann. Chim. Phys.

29, 333 ; 59, 19). Lewy (N. Ann. Chim. Phys. 13, 447). Bonastre

(J. Pharm. 14, 349). The wax known as Cire des Andaquies contains,
besides cerosin (p. 61), a substance resembling palm-wax, which dis-

solves less easily than cerosin in boiling alcohol, melts at 72, and
contains 80-95 p. c. C., 13-37 H., and 5-68 0. (Lewy). The wax dis-

solved off the leaves of Chamcerops humilis is resolved by boiling alcohol

into cerin and myycin. The leaves also give up cerin to boiling
alcohol (Teschemacher, Phil. Mag. 28, 350 ; J. pr. Chem. 39, 220).

Wax (?)from the bark ofPlatanus acerifolia. Obtained by boiling the

ethereal extract of the bark with dilute potash-ley to remove colouring
VOL. XVIII. M
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matter, dissolving the residual powder in ether, and evaporating.

Yellowish-white, amorphous powder, without taste or smell. Melts to

a yellow oil at about 180, and burns with a smoky flame, emitting an
aromatic odour. When subjected to dry distillation, it yields a yellow
oil, leaving a large quantity of charcoal, It is insoluble in water and
not sapouifiable by potash ; dissolves with difficulty in hot aqueous
ammonia, and is almost entirely deposited on cooling, as a jelly. Con-
tains on the average, 79*64 p. c. C., 11-01 EL, and 9-35 0. (Stahelin &
Hofstetter, Ann. Pharm. 51, 74).

Wax of Black Poplar buds. (Pellerin, J. Pharm. 8, 432.)

The ripe capsules of the blue-seeded poppy contain a wax sparingly
soluble in ether, and allied to cerain, and an easily soluble wax allied

to myricin (Winckler, Eepert. 59, 27).

Propolin. Obtained by exhausting propolis (the substance with

which bees fill up crevices in their hives) with boiling alcohol and cool-

ing, whereby resinous substances are retained in solution. Melts

at 57 to 58, emitting an odour of honey (Pellerin, J. Pharm. 8, 433).
See Debeauvoys (Conipt. rend. 26, 116).

Propolis is a blackish substance, translucent at the edges, soft at

first, but becoming harder in time. It contains, according to Vauquelin,
14 p. c. of wax, 57 of resin, and 29 of acid and foreign admixtures. The
resin is greenish-brown, translucent, and brittle (Vauquelin, Ann. Chim.

42, 265). The acid appears to be a mixture of gallic and benzoic acids

(Cadet, Bull. Pharm. 1, 72).

Wax obtained from Rye-starch by the action of nitric acid. When
rye-starch is employed for the preparation of saccharic acid, there floats

on the surface of the acid liquid a wax which dissolves in alcohol and
more freely in ether, and forms with alkalis a compound soluble in

water and decomposible by acids. It contains 72-38 p. c. C., 12-14 H.,
and 14-48 0. (Hess, J. pr. Chem., 13, 411).

Wax of Shellac. Extracted from seed-lac by alcohol. Dirty-white

powder, insoluble in cold alcohol. The solution in hot alcohol solidifies

to a jelly on cooling (John, Chem. Schrift. 5, 18). It distils unchanged
in a vacuum, and dissolves to a very slight extent in strong- potash-ley,
from which it is precipitated by acids unaltered (Berzelius, Pogg. 10,

256). Shellac contains 3 per cent, of a hard, yellowish-white wax,

resembling Japan wax (Buchner, Ann. Pharm. 59, 100). A solution of

a spurious shellac in boiling alcohol deposited light white scales of a

friable wax, melting at 60, saponifiable by boiling potash-ley, and

slightly soluble in cold ether, cold rock-oil, and oil of almonds (Nees v.

Esenbeck & Marquart, Ann. Pharm. 13, 288).

Wax of raw Silk. Exists in raw silk to the extent of 1 part in 200

to 300. Faintly coloured, solid, and brittle. Soluble in alkalis and

soap-water. Dissolves in 2,000 parts of cold, and in 300 to 400 parte
of boiling alcohol of sp. gr. 0-829 : on cooling the solution first deposits
flocks and then solidifies to a paste (Hoard, Ann. Chim. 65, 63). The
wax deposited from the alcoholic tincture of whjte or yellow silk is

grey, fusible, and combustible. It is decomposed by warm oil of vitriol,

but not by strong nitric acid. It is partially soluble in boiling potash-

ley, which deposits part of the dissolved portion on cooling ; is soluble

in glacial acetic acid, alcohol, ether, and fatty and volatile oils (Mulder,
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Pogg. 37, GOO). This wax does not smell of acrolein when burnt, and
is not acid in alcoholic solution. When its solution is precipitated
with basic acetate of lead, the precipitate decomposed under ether by
hydrosulphuric acid, and the ether evaporated, there remains a wax
melting at 48. The original wax is, moreover, only partially saponifi-
able by alcoholic potash ;

when it is melted with caustic potash, hydro-
chloric acid throws down from the product a fatty acid melting
at about 80 (Cramer).

Wax of Sumach. Extracted by chloroform from the leaves of

Rhus coriaria. Kesembles Japan wax, but smells of violets. When
boiled with an aqueous solution of borax, it forms a soap, which soli-

difies to a jelly on cooling, and is precipitated by acids (Batka, Chem.
Centr. 1865, 12).

Wax (?) from Sumatra (Getah Lahoe). According to Elaine, the

inspissated sap of Ficus cerifera. Ash-grey, harder and more brittle than

bees'-wax; sp. gr. 0*936 at 16. It becomes sticky in warm water and
melts to a clear liquid at 61, giving off water and depositing a black

powder : on cooling it solidifies to a waxy mass. According to

Bleckrode it melts to a syrup at 50 and to a limpid liquid at 75.
Burns from a wick with a bright smoky flame. Insoluble in weak

spirit, but gives up about 10 p. c. of a sticky substance to absolute

alcohol
;

dissolves in ether, with the exception of about 1 p. c.,

also in oil of turpentine and rock-oil, but not in bisulphide of carbon, in

which it turns white and flocculent (Kaiser, Chem. Centr. 1856, 477 ;

Kopp's Jahresber. 1856, 632). It is bleached by boiling potash-ley,
without dissolving therein. When submitted to dry distillation, it

yields crystals melting at 37'5. Dissolves in boiling alcohol, forming a

brown solution, which, on cooling, deposits a white crystalline powder,
melting at 55 (Bleckrode, N. Jahrb. Pharm. 7, 182 ; Kopp's Jahresber.

1856, 633).

Wax from Thuja occidentalis. Deposited from the alcoholic decoc-

tion of the green part of thuja on cooling. The mother-liquor may be
made to yield a further quantity by concentrating and mixing it with

water, dissolving the precipitate thereby produced in boiling alcohol,

precipitating with neutral acetate of lead, and decomposing this preci-

pitate with hydrosulphuric acid.

Kavalier.

32 C 192 75-00 74-91
32 H 32 12-50 12-44,

4O 32 12-50 12-65

C32H32O4
.... 256 100-00 100-00

Has the same composition as palmitic acid, and a wax from the ex-

foliating bark of Pinus sylvestris (p. 16).

Decompositions. I. By prolonged boiling with potash-ley, the wax

yields a soap which cannot be filtered. It is precipitable by chloride of

sodium and chloride of calcium, but a portion remains in solution and

may be thrown down from the filtrate by hydrochloric acid, and further

decomposed by alcohol. The lime-soap gives up to ether the wax a,

which may be resolved by alcohol into two portions of unequal solu-

bility. From the rest of the lime-soap hydrochloric acid throws down
the acid b, which crystallises in cauliflower-like crystals.

M 2
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Wax a.

58 C 79-45 .

58 H 13-24 .

4 O 7-31 .
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Reichenbach's paraffin, in melting point, and in their behaviour
towards oil of vitriol and solvents. They may be regarded either as

imperfectly purified paraffin, in accordance with Reichenbach's view, or,
which is more probable, as (like Reichenbach's paraffin) members of a

homologous series, mixed or isolated hydrocarbons of the formula OHn
,

or CnHn+a
. Oxygenated products have also been confounded with

paraffin. Previous to Reichenbach's discovery, paraffin-like bodies were observed

by Fuchs & Buchner (Repert. 9, 290) in petroleum from Lake Tegerii ; by
L. Gmelin (Handbuch, 3 Aufl. 2, 511) in wood-vinegar ; and by Unverdorben in

rock-oil (ScTiw. 57, 244).

a. Reichenbach's Paraffin.

Source and Formation. Paraffin occurs abundantly in wood-tar, espe-
cially in that of the red beech and of thick-barked woods in general ; in

smaller quantity in the tar of animal substances
; and in smallest

quantity in coal-tar. It exists also in soot, abundantly in rapidly distilled

rape-oil, and in small quantity in rock-oil (Reichenbach) . In wood-vinegar ; if the

empyreumatic oil which first passes over in the rectification of wood-vinegar from
beech-wood be collected and re-distilled, it yields, as the residue begins to dry, a
small quantity of a white sublimate, which, when recrystallised from alcohol, melts
at 40-5, and behaves like paraffin towards oil of vitriol, potash-ley, and alcohol

(Gmelin) .

Preparation. Tar is subjected to repeated fractional distillation,

and the portions passing over last, which are richest in paraffin, are

collected apart and mixed with to
-J

their volume of ordinary or

fuming oil of vitriol, in portions of Tyth at a time, and shaken. The
mixture becomes hot, and is to be further heated, if necessary, till the

temperature reaches 100, after which it is kept for half a day or

longer at 50, and the paraffin, which floats on the surface as an oil, is

separated and washed with water. If not quite colourless, it is again
treated with fresh oil of vitriol. It is now cooled, pressed between

blotting-paper, crystallised from boiling alcohol, washed with weak

spirit, and melted in water. Or the paraffin obtained by cooling the

distillate and filtering is distilled with 2 or 3 parts of fuming sulphuric

acid, whereupon it passes over colourless. When oil containing paraffin is

mixed with an equal quantity of alcohol of 36 B., and 6 or 8 times the volume of

alcohol is gradually added, the liquid becomes turbid, and deposits a large quantity
of flakes, which combine to form a thick mass. This mass when washed repeatedly
with alcohol of 36, and purified by dissolving it in hot alcohol, yields paraffin.

Properties. Delicate white needles and laminae, without taste or

smell. Neutral. Under a magnifying power of 500 diameters delicate

rounded laminae, needles, and apparently five-sided granules may be

distinguished. Flexible, somewhat unctuous to the touch, not greasy.
It does not stain paper in the cold, but when melted it produces a

greasy spot, which disappears when the paper is strongly heated

several times. It is a non- conductor of electricity. Melts to a clear

colourless oil at 43'75, and on cooling solidifies to a translucent mass,

having a granular fracture. Fritzsche found paraffin from wood-tar to

melt at 42 ; Reichenbach's paraffin was found by Bolley to melt at

43-5, by Hofstatter at 47-5 ; by recrystallisation it yielded products

melting at 45, 46, arid 48 (Hofstatter). Sp. gr. 0-87 (Reichenbach) ;

0-862 (Hofstiitter). Boils at a high temperature and distils un-

changed.



166 PRIMARY NUCLEUS

G-aj-Lussac. Schrotter.

40 C .... 240 .... 85-71 .... 84-06 .... 85'22 40 C 240 85-11
40 H .... 40 .... 14-29 .... 14'99 .... 14-86 42 H .... 42 .... 14-89

C40H40
.... 280 .... 100-00 .... 99-05 .... 100'OS C40!!42

.... 282 .... 100-00

Gray-Lussac regarded paraffin as a compound of equal numbers of atoms of

carbon and hydrogen. The correctness of this view, which was at one tune thought
to be established, has been doubted by Anderson and others. See below.

Decompositions. Paraffin heated in a platinum spoon burns with a

bright white flame free from smoke : from a wick it burns like wax.
It is not altered by heating with peroxide of manganese or peroxide of

lead. It is not affected by exposure to chlorine for some hours in the

cold, nor by boiling strong nitric acid, boiling hydrochloric acid, or

hydrochloric acid gas (Reichenbach). On boiling it with a large

quantity of strong nitric acid for several days, till the liquid is no

longer rendered turbid by water, succinic acid, butyric and valerianic

acids, and a small quantity of a yellow nitro-compound of penetrating
odour, are produced (Hofstatter). Paraffin is not decomposed by oil

of vitriol or fuming sulphuric acid, even after prolonged treatment at

100 (Reichenbach). According to G-ay-Lussac, oil of vitriol blackens paraffin
and slowly decomposes it, with liberation of sulphurous acid : with the anhydrous
acid, paraffin becomes very hot and is converted into a black mass, which does not con-
tain sulphovinic acid. Fused caustic potash and potassium do not actupon
paraffin.

Paraffin is insoluble in water, ammonia and aqueous alkalis (Reichen-
bach), and in liquid carbonic acid (Gore). Melted paraffin dissolves a
small quantity of phosp/iorus and is afterwards luminous in the dark.

It does not mix with melted sulphur, and dissolves only a small

quantity of selenium (Reichenbach). According to Brion (Comp. rend. 56,
876 ; Krit. Zeitschr. 7, 384) paraffin (commercial ?) is attacked by sulphur below its

melting point, but yields no crystalline products.
Absolute alcohol dissolves a small quantity of paraffin in the cold :

100 parts of the boiling liquid dissolve 3*45 parts of paraffin, the

greater part of which crystallises on cooling, whilst that remaining in

solution may be precipitated in white flocks by water. The solvent

power of alcohol decreases rapidly with the strength, 100 parts of 80

p. c. alcohol at 20 dissolving only 0-33 parts of paraffin. Ether
dissolves paraffin rapidly and abundantly : 100 parts of ether at 25
take up 140 parts of paraffin, the whole solidifying to a white crys-
talline mass on slight cooling (Reichenbach). Fritzsche found wood-tar

paraffin much more easily soluble in cold ether than paraffin from ozocerite.

Paraffin dissolves easily in cold rock-oil, tar-oil, and oil of turpentine,
even in the cold. It does not mix with either camphor or naphthalene
in the fused state. Dissolves slowly in cold, and more rapidly in
warm olive oil arid oil of almonds. Mixes with melted stearin, sper-
maceti and bees'-wax, and forms homogeneous masses with these
substances on cooling, but when melted with tallow or hog's lard
it separates from the mixture in crystals as it cools. Equal parts of

paraffin and colophony melted together solidify to a yellow, waxy mass.
Paraffin does not mix with melted benzoin or black pitch (Reichen-

bach).

On the solubility of (commercial) paraffin in bisulphide of carbon, chloroform,
and benzol, see A. Yorel (Dingl. 164, 221) ;

in ether, Spes (Pharm. Viertelj. 7, 383 ;

9, 283) ; on the separation of paraffin from wax, see Lies-Bodart (Compt. rend. 62, 749).
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b. Paraffin from other Sources.

The products obtained by the dry distillation of peat are rich in

paraffin (Reece, Kopp's Jahresber. 1849, 711). This paraffin melts at

46'7, and contains 85-10 p. c.C., arid 15-11 II. (Anderson). On the
manufacture of paraffin from this material, see Breitenlohner (Polyt.
Notizbl. 1864, 879; Chem. Centr. 1864, 1025). According to Simon

lignite-tar contains paraffin (Pogg. 35, 160), but the products obtained

by the dry distillation of the lignite of the Weissenfels appear to con-
tain oxygen.

Boghead coal likewise yields paraffin, and also contains it ready-
formed. That obtained by distillation either melts at 45-5 and is

highly crystalline after cooling; or it melts at 52 and cools to a

granular mass resembling white wax. The crystalline variety contains

85-11 p.c. C., arid 15-22 II.
;
the granular 85-14 p c. C., and 15*37 H.,

so that both varieties (like those obtained from peat and from lignite)

may probably be represented by the general formula OIIn+z
, perhaps

by C<H (calc. 85-10 p. c. C., 14-90 H.) (Anderson, J. pr. Chem. 72,

379). Boghead coal, treated with alcohol and ether in succession,

gives up to the latter liquid a solid body, which, when purified with
charcoal and boiled with soda-ley, melts at 41 and contains 86*33 p. c.

C., and 13-22 H. (Bolley & Merz, Ann. Pharm. 115, 61).
The product obtained by dry distillation of bituminous shales, when

distilled with superheated steam, yields a limpid and a thick oil in

succession, followed by a buttery mass. The latter oil contains paraffin,
which is deposited on cooling, and after filtering and pressing, may be

purified by melting; crystallising it out at a low temperature ; expressing
the fluid portion ; heating first to 205 and afterwards to the boiling-

point, with addition of 5 to 10 p. c. of oil of vitriol
; separating the

melted paraffin from the carbonized mass ; and washing it with water or

weak solution of carbonate of soda (W. Brown, Chem. Gaz. 1853, 476 ;

Kopp's Jahresber. 1853, 766). Paraffin may also be purified by mixing
it with bisulphide of carbon and pressing, or by melting it with T^th of

animal charcoal for two or three hours and filtering (Mitschel, Chem.

Centr. 1859, 571). It cannot, however, be purified by melting it with
chloride of lime, as Kletzinsky (Polyt. Notizbl. 19, 349) proposes,
since chlorinated products are thereby formed (Dullo, Polyt. Notizbl.

20, 192).
Paraffin obtained from the bituminous shale of Autun, and melting

at 33, contained 84-60 p. c. C., and 14-22 H. (Laurent, Ann. Chim. Phys.

54, 392; J. pr. Chem. 2, 121). Paraffin obtained from similar material

at Glasgow melted at 55, had a sp. gr. of 0'861 at 15, crystallised in

laminae, needles, and granules, like Reicheribach's paraffin, and behaved
in the same way towards nitric acid. By fractional crystallisation it

yielded products melting at 45 to 58, all having the same composi-
tion (that melting at 45 containing 85-47 p.c. C., and 14-29 H. ; that

at 58, 85-69 p. c. C., 14-29 H.) (Fillipuzzi, Wien. Acad. Ber. 17, 425 ;

J. pr. Chem. 68, 60). The bituminous shale of Bonn yields a paraffin
which when purified melts at 50-5 (Bolley). Hofstatter found the

purified product to melt at 55 ; by fractional crystallisation he

separated portions melting at 57 to 61, the latter containing 86*16

p. c. C., and 14-36 H.
It is with this paraffin from Bonn that Bolley's experiments on the
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action of chlorine appear to have been made. When chlorine is passed
through melted paraffin, hydrochloric acid gas is evolved, and the mass
no longer solidifies at ordinary temperatures. On continuing the cur-

rent of chlorine, the melted paraffin becomes viscid, even at 100, and
after cooling is amorphous, and does not crystallise from solution. It

is soluble in alcohol and benzol, but cannot be obtained free from hydro-
chloric acid, which it continues to evolve, even after remaining for

days in the water-bath. The transparent resinous products contain,
after the more or less prolonged action of chlorine :

C 34-50 39-37 55'20
H 4-19 5-30 8-26
Cl 61-42 54-80 36'29

100-11 99-47 99-75

corresponding approximately to the formulae C 10H7C13
,
C 10H8C12

,
C 10H9C1

(Bolley, Ann. Pharm. 106, 230).

Lewy's (N. Ann. Chim. Phys. 5, 359) paraffin is obtained partly
from the bituminous shale of Autun, partly from wax (p. 150). That
from the former source contains 84-95 to 85-22 p. c. C., and 14-76 to

14-80 H. Melting point (of which paraffin?) 46-8; sp. gr. 0'89;

boiling point 370 to 380. Vapour-density 10 to 11-8, but not deter-

minable with accuracy, on account of decomposition. From these data

Gerhardt (Rev. sclent. 19, 8) deduces the formula C48!!50
.

Most, if not all, earth-oil or petroleum contains paraffin, as that

from Lake Tegern (Fuchs & Buchner) ; the rock-oil of commerce, which

deposits paraffin when cooled to 6 to 12 (Stiekel, Jahrb. pr. Pharm.

4, 14); the oil from Sehnde (in Hanover); from Amiano (Pelletier &
Walter, /. Pharm. 26, 353). Pelouze & Cahours, having found in

American petroleum the liquid hydrocarbons of the homologous series,

CnHn+2
,
have been led to regard the paraffins as higher members of the

same series (Ann. Chim. Phys. (4) 1, 5). The paraffin from the earth-

oil of Lake Tegern melts at 51 to 55, is of sp. gr. 0-914 at 20, and

according to Buchner, jun., contains 85 -22 p. c. C., and 14 '83 H. It

turns brown with oil of vitriol when heated above 100, and dissolves

sulphur to a brown liquid, differing therein from Reichenbach's

paraffin (Kobell, J. pr. Chem. 8, 305).
The thick rock-oil from Rangoon, in Burmah, Rangoon naphtha, con-

tains paraffin of sp. gr. 0-915, melting at 55 (Christison & Gregory,
J.pr. Chem. 4, 1

; J. Pharm. 21, 536). This paraffin melts at 61, and
contains 85-15 p. c. C., and 15*29 H. (Anderson). It yields by fractional

crystallisation two or more hydrocarbons of the formula C nHn
,

or

CnHn + 2
(Warren de la Rue & Miiller, Chem. Gaz. 1856, 375; /. Pr.

Chem. 70, 300).
The soft brown earth-wax from Baku, melting at 79, of sp. gr.

0'903, yields by dry distillation 13-82 p. c. of water and gaseous pro-

ducts, 4-36 of carbon, and 81 '82 of paraffin, which when purified melts

at 54, and contains 85-44 p. c. C., and 14-78 H. (Peter&en, Ann.
Pharm. 118, 82). See below.

On the paraffin of bees'-wax and Carnauba wax, see those sub-

stances : on that of ozocerite and neftgil see below.

^[ Paraffin from Price's factory was found by Gill & Meusel (Chem.
Soc. J. [2] vi, 466) to melt at 56, and after repeated crystallisation
from bisulphide of carbon, at 60. It was not converted into sulpho-
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acid either by fuming sulphuric acid, by ordinary oil of vitriol, or by sul-

phuric acid diluted with one-third of its volume of water. It did not
unite with hydrochloric acid when heated with it, either in the gaseous
state or in aqueous solution ; neither did it unite with hypochlorous
acid. Bromine acts upon it when aided either by heat or by sunshine,
half the bromine being converted into hydrobromic acid, while the

other half forms a substitution-product. These reactions show that

paraffin belongs to the series C nIIn+2
,
not to the olefine series CnIIn .

The same paraffin oxidised with chromic acid, is converted into cerotic

acid (p. 135), together with several lower acids of the same series,
some solid, others liquid and volatile, amongst which acetic acid pre-
dominates. Oxidised with 5 or 6 times its volume of nitric acid of

sp. gr. 1-3 diluted with 1 vol. water, it likewise yields cerotic acid,

together with many other acids, among which are acetic, butyric,

valeric, oananthylic, and hydrocyanic acids, together with succinic and
anchoic acids. Nitric acid diluted with 4 vols. water acts very slowly
on it, forming in 12 days a small quantity of a fatty acid melting
at 73. 1

400
40 H

240
40

Composition of Paraffin.

Calculations.

85-71 40 C ....

14-29 42 H ...

240
42

85-11

14-89

Q40JJ40 280 100-00 C40H42
.... 282 100-00

42 C
44H ,
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MAGNUS. Ann. Chim. Phys. 55, 217.

MALAGUTI. Ann. Chim. Phys. 63, 390; J. pr. Chem. 11, 136; Ann.
Pharm. 23, 286.

PH. WALTER. Ann. Chim. Phys. 75, 214; J. pr. Chem. 22, 181.

. Amorphous compact masses, containing hydrocarbons
differing- in melting point, but of the same composition, and yielding
by dry distillation chiefly paraffin or a very similar substance.

Ozocerite from Slanik in Moldavia is leek-green or yellowish-
brown, translucent to semi-transparent, flexible, and of the consist-

ence of tallow or wax. Sp. gr. 0-955 to 0'97. Burns with a

bright flame (Glocker). Melting-point 82 (Magnus). Boils at
about 210, and yields a distillate consisting of first a little oil, then a
solid mass, giving off gaseous products, and leaving 5*7 p. c. of char-
coal. It is only slightly soluble in boiling absolute alcohol, but dis-

solves completely in bisulphide of carbon, ether, rock-oil, and oil of

turpentine, forming solutions which are leek-green by reflected, and
reddish-brown by transmitted light (Schrotter). Boiling ether and
absolute alcohol take up little, but hot oil of turpentine dissolves it

entirely (Magnus). On drenching it with ether, a portion dissolves,
the rest splitting into fine spangles. Under benzol, ozocerite becomes
covered with a jelly, and does not dissolve completely until it is

warmed (Fritzsche).
Ozocerite from Zietrisika in Moldavia melts at 84 and boils at 300.

Sp. gr. 0*946 at 20*5. It is not attacked by alkalis, but softens in a
stream of chlorine, and becomes soluble in boiling ether. It is not
affected by cold oil of vitriol, but is carbonised by hot oil of vitriol,

forming with the latter a solution from which water throws down black

flocks, which give up to boiling ether white crystals melting at 72

(Malaguti).
The ozocerite of Trascowiec, in Gallicia, was found by Walter to

melt at 59, and by Schmid at 65. It is not affected by oil of vitriol;

yields paraffin on distillation (Walter).
Ozocerite from Boryslaw, in Gallicia, is of a dark black-brown

colour, and may be kneaded between the fingers. Its melting point
is 60 ;

its sp. gr. 0-944. Its solution in boiling alcohol deposits, on

cooling, crystals of the three forms in which paraffin crystallises. By
fractional crystallisation it yields products melting at 60 to 65, of

the same composition as paraffin, and behaving in the same way with
nitric acid : that melting at 61 contains 84-94 p. c. C., 14-87 H. ; that

melting at 65-5 85-78 p. c. C., 14-29 H. (Hofstatter).
The ozocerite from the Urpeth coal-mine near Newcastle is soft,

unctuous, and sticky. It melts at 60 and becomes perfectly limpid
at 70. Contains 85*18 p. c. C. and 14-06 H., but is a mixture of at least

three substances of the same composition and equally indifferent

towards boiling acids. Cold ether takes up -fths of the ozocerite,

forming a greenish-brown solution, which when allowed to evaporate,

spontaneously, deposits it in brown flocks melting at 39 and of sp. gr.
0-885. From the remaining ith, boiling ether or alcohol takes up a
colourless or pale-yellow mass of the hardness of wax and melting
at 58. The undissolved portion, amounting to ^th of the whole, is

dark-brown, soft, of sp. gr. 0-965, melts at 73, boils at 260, and is

nearly insoluble in boiling alcohol and ether (Johnston, Phil. Mag. 12,

12, 389; J.pr. Chem. 14, 226).
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When the ozocerite from Slanik is triturated and boiled repeatedly
with 200 parts of alcohol of sp. gr. 0-814, the portions first dissolved
melt at 75 and 78, and are of sp.gr. 0-845 and 0*852 at 20. After

boiling
1 fourteen times the portion dissolved has the same melting'

point as the brown inodorous residue, namely, 90 ;
its sp. gr. is 0'957

at 17'5, and its boiling point 300. The residue contains 84-67 p. c. C.,
and 14-12 EL, and has, therefore, the same composition as the original
ozocerite (Malaguti).

Analyses of Ozocerite.

Moldavia.



172 PRIMARY NUCLEUS C^H60
.

alteration. Boiling alcohol dissolves about a third, forming a solution
which deposits flocks of wax on cooling. Boiling ether softens it, but
dissolves very little. Rock-oil and oil of turpentine dissolve it entirely.

By dry distillation it yields oils and a buttery distillate, from which
Hermann's keron, a substance resembling, but distinct from, paraffin,

may be obtained, either by pressing or by agitation with cold ether, in

which keron is insoluble, or by boiling with alcohol, from which it

crystallises. Keron, after repeated distillation, is white, of sp. gr.

0-893, and melts at 67 ; on cooling it solidifies to a crystalline brittle

mass. It dissolves in 9O5 parts of boiling alcohol, forming a solution

which solidifies on cooling ; with difficulty in ether, but easily in fixed

and volatile oils. When heated with 3 parts of oil of vitriol, it car-

bonises and evolves sulphurous acid, but does not distil (Hermann,
J. pr. Chem. 73, 220 ; Chem. Centr. 185S, 500). Kir, from Baku, and
Baikerite are also similar substances. (See Fritzsche & Hermann, loc.

cit.}.

The meteoric stone of Kaba and that of the Cape contain an easily
fusible carbonaceous substance resembling ozocerite (Wohler, Ann.
Pharm. 109, 349 ; 110, 370). The substance sent from Rio de Janeiro
to Milan as ozocerite, and examined by Bertolio (Kopp's Jahresb.

1860, 797), evidently does not belong to this place.

Chrysogen.

J. FRITZSCHE. Petersb. Acad. Bull. 9, 406 ; Krit. Zeitxchr. 9, 139.

A solid hydrocarbon from coal-tar, found in the deposit which

separates from the heavy coal oils.

Fritzsche frees the deposit from liquid and easily fusible products by
pressing it, while hot, till the residue forms a hard cake, which is

made up of white and yellow substances. When this cake is exhausted

many times with 90 p. c. alcohol, the latter extracts deposit a yellow

pulverulent substance, consisting of microscopic laminae, which when
boiled for a few minutes with 100 times its weight of strong alcohol,

and strained after ten minutes, leaves a yellow powder undissolved.

"When this powder is treated repeatedly with boiling alcohol and after-

wards crystallised from benzol and ether, the chrysogen forms the

least soluble portion of the crystals.

Chrysogen crystallises from benzol in fine orange-coloured laminae

and irregular tables ;
from boiling alcohol in small rhombic tables

which are rose-red when very thin and appear gold-green by reflected

light. It contains 2-32 p. c. of ash, and 94-31 to 94'97 p. c. C., and 5-69

to 4-70 H.

Chrysogen melts at 280 to 290, but is partially carbonised and
volatilised at that temperature. The sublimate is yellowish-green and
differs from chrysogen. In a current of air, a sublimate of unchanged
chrysogen is obtained. Its solutions are rapidly bleached by sun-

shine. It dissolves in oil of vitriol with grass-green colour
; water

throws down from the solution a precipitate from which benzol extracts

chrysogen, leaving charcoal. It is violently attacked by nitric acid

and converted into an oil which subsequently solidifies.

Chrysogen dissolves very slightly in boiling alcohol and ether; in

10,000 parts of cold, and 2,000 parts of boiling glacial acetic acid; in
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2,500 parts of cold and 500 parts of boiling benzol. It colours solid

hydrocarbons, to which it is added in small quantity, intensely yellow.
It combines with a neutral body obtained by the action of nitric acid

on anthracene (xvi, 16G) to form olive-coloured needles having
1 a golden

lustre.

Oxyazo-nuckus C^NIFO
14

.

Aconitine.

C^NIFO14 = C60NII46 U
,H

8
.

GEIGER & HESSE. Ann. Pharm. 1, 276 ; Geiger's Handbuch der Phar-

made, 4 Aufl. 1, 1013.

v. PLANTA. Ann. Pharm. 74, 257 ; Pharm. Centr. 1850, 561 ; Chem.

Gaz. 1850, 349 ; Kopps Jahresber. 1850, 434.

HOTTOT & LIEGEOIS. N. J. Pharm. 43, 130 ;
Pharm. Viertelj. 13, 273 ;

Krit. Zeitschr. 7, 593 : N. Jahrb. Pharm. 21, 32 ; Chem. Centr. 1864,
558

;
Chem. News, 8, 200 ; Kopp's Jahresber. 1863, 450.

HOTTOT. N. J. Pharm. 45, 169 and 304; Kopp's Jahresber. 1863, 451.

PROCTER. N. Jahrb. Pharm. 23, 27.

C. FRISCH. N. Jahrb. Pharm. 23, 140.

Discovered by Geiger & Hesse in 1833, Buchner (Taschenb. 1812,

121) having previously endeavoured unsuccessfully to isolate a volatile

acid principle from Aconitum medium, and Pallas (J. Chim. med. 1, 192)
a vegetable base from Aconitum Lycoctonum.

Source. Acouitine occurs in Aconitum Napellus and probably in all

acrid aconites (Geiger), though, according to Geiger, the taste of

the herb of Aconitum Napellus compared with that of aconitine, shows
that this plant contains some other acrid burning substance differing

from aconitine. See xiv, 471. Schroff (Schweiz. Pharm. Wochenschr.

1865, 205 and 213) likewise distinguishes an acrid and a narcotic

principle in aconites. According to him, the former is found exclusively
or chiefly in the root of Aconitum ferox, and forms the extremely

poisonous aconitine of Morson, of which 8 to 10 milligrammes killed a

rabbit in six minutes, whilst 400 milligrammes of a German aconitine

had been given previously to the same rabbit without endangering its

life, and with the production of different morbid symptoms.
Amongst indigenous aconites, A . Napellus is said to contain chiefly

the acrid, but also some of the narcotic principle; A. Lycoctonum, a

large quantity of the narcotic principle in the root, but none of either

in the herb ;
A. variegatum and A. paniculatum, little of either.

A. Authora is said to be free from the acrid, and to contain little of the

narcotic principle. Now, however, that H. ana J. Smith (Pharm. Jour.

5,317; Pharm. Viertelj. 13, 548) and Jellett (Chem. News, 1864;
Pharm. Viertelj. 13, 592) have shown that the root of A. Napellus con-

tains narcotine (formerly described as aconelline), this substance would

seem to be the narcotic, and aconitine the acrid principle, of Schroff,

whilst Geiger's supposition as to a second acrid principle appears to be

erroneous. In any case, however, Geiger and Hesse, as well as

v. Planta, examined a peculiar vegetable base free from narcotine, so that
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Hottot's statement that acoiiitine had not been prepared in the pure state

previous to his investigation can only apply to some commercial varieties

of aconitine. Neither is Hiibschmann's napelline (see below) identical

with narcotine, inasmuch as no crystals are obtained from its aqueous
or alcoholic solutions, or from solutions neutralised with acids (Hiibsch-
rnann, Pharm. Viertdj. 14, 101) ; but,' on the other hand, Morson's

napelline, which, according to Hottot, is crystallisable and less active

physiologically than aconitine, may be identical with Smith's base

(Kr.). Hiibschmann obtained from A. Lycoctonum two alkaloids

differing from all the above. See pp. 177, 178.

Preparation. 1. Aconitine is obtained from the dry leaves of

AconitumNapellus in the same way as atropine is obtained from bella-

donna (Geiger & Hesse). See xvi, 449. 2. The root of A. napellus
is digested for a week with 80 p. c. alcohol containing a little

sulphuric acid ; the tincture is distilled
; the residue is freed from a

green oil which floats upon it by decantation and by agitation with
ether ; the acid solution is mixed with excess of magnesia ;

and the
aconitine thereby set free is taken up by ether, which leaves it in an

impure state on evaporation. The product is partially purified by
dissolving it in very dilute sulphuric acid, decolorising with animal

charcoal, precipitating' with ammonia, and boiling, whereby the preci-

pitate is converted into an easily separated coagulum, which is

collected, dried, dissolved in ether, and evaporated. On adding
ammonia in small quantities to its solution in sulphuric acid, a preci-

pitate of coloured aconitine is thrown down at first, after the removal of

which, an additional quantity of ammonia precipitates the pure alkaloid

(Hottot & Liegeois).
Procter adopts a similar process, but exhausts the root with alcohol,

and adds the sulphuric acid to the tincture immediately before agitating
it with ether. Hottot, in a later process, exhausts the powdered root

with alcohol free from sulphuric acid ; distils off the alcohol (partially ?) ;

agitates the residue with hydrate of lime ; precipitates the filtrate with
dilute sulphuric acid ; evaporates ; dilutes with water ; removes the

green oil by filtration ; precipitates the aconitine from the filtered

liquid at the boiling heat by ammonia ;
and purifies as above. Accord-

ing to Frisch, water suffices for the exhaustion of the root. He purifies
the acid solutions by precipitating with basic acetate of lead

; removes
excess of lead by hydrosulphuric acid ; and leaves the solution in con-

tact with animal charcoal till that substance has taken up the aconitine.

After washing the charcoal with water, the aconitine is extracted from
it by means of boiling alcohol. The alcoholic liquid, when super-
saturated with ammonia, gives up the aconitine to fusel-oil, which in

turn gives it up to acidulated water when shaken therewith. From
the aqueous solution the aconitine is precipitated by ammonia (C.

Frisch). According to Morson, it is sufficient to exhaust the alcoholic

extract of the dry root with dilute sulphuric acid, render the solution

slightly alkaline with ammonia, and purify the aconitine thereby pre-

cipitated by dissolving it in alcohol and treating the solution with

animal charcoal.

v. Planta purifies commercial aconitine, which he found to be impure
and to contain ash, by dissolving it in ether, filtering from brown resin,

evaporating the solution to a syrup in a vacuum, mixing the residue

with a small quantity of absolute alcohol, and dropping the mixture
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into water, with constant stirring
1

. The flocks thereby precipitated are

collected, washed with water, dried in a vacuum, and further purified,
if necessary, by a repetition of the process.
The root of Aconitwn Napellus contains 0'85 p. c. (Frisch), O2

p. c. ; the American 0'42 p. c. (Procter), 0-06 p. c. of aconitine (Hottot ;

Smith).
The narcotine of the root of Aconitum Napellus is obtained by

evaporating- the extract (aqueous or alcoholic ?) to a soft paste, ex-

hausting this with alcohol, evaporating the tincture, redissolvirig the
residue in alcohol, and adding to the solution a quantity of lime equal
to 1^ p. c. of the fresh root employed. The liquid is then filtered, pre-

cipitated with sulphuric acid, and again filtered
; the alcohol is driven

off ; the fat which separates is removed ; and the solution is mixed
with carbonate of soda till nearly neutral, and allowed to stand for

some days, till the narcotine is deposited (II. & T. Smith).

Properties. Colourless and inodorous powder, heavier than water,

melting at 80 in a current of air, without loss of weight, to a liquid
which solidifies in a perfectly transparent glassy mass. Has a strongly
alkaline reaction (v. Planta). Geiger & Hesse obtained it from alcohol partly
in white granules, but chiefly in the form of a glassy mass, permanent in the air.

It has a very bitter, afterwards burning acrid taste, which however,
when the substance is pure, is not so persistent and acrid as that of

the aconite-plant. It is extremely poisonous : -^i\\ of a grain dissolved

in alcohol kills a sparrow in a few minutes, and T̂ th of a grain, in-

stantaneously. See above. When introduced into the eye, it "produces

expansion of the pupil for a short time (Geiger & Hesse). It exerts a

slight rotatory action on polarised light (Buignet, N. J. Pharm. 40,

252). According to Hubschmann (Arch. Pharm. 135, 266) Swiss

aconitine, prepared by Geiger's process, is a white amorphous, some-
what coarse-grained powder, which does not adhere to paper, and has
a strongly bitter but scarcely burning taste. English aconitiue on the
other hand, is a fine dirty white powder, which adheres very strongly
to paper, and has a burning but not bitter taste. Swiss aconitiue be-

comes soft and plastic in boiling water, and hardens to a brittle

substance on cooling. English aconitine immersed in boiling water
remains pulverulent and does not melt.

Aconitine heated in very small quantity on platinum-foil, and covered
with an object-holder, in the manner described under strychnine (xvii,

483) readily yields a sublimate of round granules and fatty drops,
which are free from crystals even after moistening with water. On
moistening the sublimate with ammonia, and evaporating, delicate

crystals make their appearance, generally in the form of needles cross-

ing at right angles. The same crystals, together with octahedrons,
are obtained by similar treatment with hydrochloric acid. Sulphuric
and nitric acids likewise produce crystals (Helwig, Anal. Zeitschr. 3,

52). See also Erhard (N. Jahrb. Pharm. 25, 195).

Y. Planta.

Dried in a vacuum. mean.

600 360 67-54 6797
N 14 2-62 3-42

47 H 47 8-81 879
14 112 21-03 19-82

.. 533 , 100-00 . lOO'OO
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Decompositions. Aconitine begins to turn brown at 120, and
when more strongly heated decomposes and gives off ammoniacal
vapours without volatilising. 2. When heated on platinum foil, it

takes fire, and leaves a shining light charcoal, which burns without
residue. 3. Oil of vitriol colours it yellowish, then dirty-red (Geiger
& Hesse), violet-red (Hottot). Its solution in sulphuric acid is

coloured a dirty-green by bichromate of potash, but is not affected

by peroxide of lead (Riegel).

Combinations. With Water. Aconitine precipitated by ammonia
in the cold, and dried at a moderate temperature, is a hydrate
which melts and gives off 20 to 25 per cent, of water at 85 (Hottot
& Liegrois). See the contrary above. Aconitine is nearly insoluble in

water (v. Planta). It dissolves in 150 parts of cold, and in 50 parts
of boiling water, forming a solution which does not become turbid
on cooling (Geiger & Hesse).

With Acids. Aconitine neutralises acids completely, forming un-

crystallisable salts (Geiger & Hesse
;
v. Planta). An aqueous solution

of the hydrochlorate gives with ammonia, potash, and carbonate of

potash, white precipitates slightly soluble in excess of the precipi-
tants. Carbonate of ammonia, bicarbonate of soda, and phosphate
of soda produce no precipitate (v. Planta). Tartaric acid prevents
the precipitation of aconitine by bicarbonate of soda (Riegel). Aconi-
tine precipitated by ammonia from cold solutions is hydrated ; that

precipitated from boiling solutions is anhydrous (Hottot & Liegrois).

Hydrochlorate of aconitine is precipitated kermes-brown by tinc-

ture of iodine (Geiger & Hesse) ; also by Uniodide of potassium

(Wagner).

Hydrochlorate of Aconitine. One hundred parts of aconitine ex-

posed to a current of dry hydrochloric acid gas and afterwards to a
current of air at 100, take up 15 '49 parts, or 2 atoms, of the acid

(v. Planta).
v. Planta.

533 ............ 87-95 ............ 86-59
2HC1 ........................ 73 ............ 12-05 ............ 13-41

CWNETO^HCl.... 606 ............ lOO'OO ............ lOO'OO

Phosphantimonic acid (xiv, 227) produces an abundant white precipi-
tate in solutions of hydrochlorate of aconitine containing -roVo^h of the
salt (Schulze). Phosphoinolybdic acid precipitates it pale-yellow and
flocculent (Sonennschein). The precipitate dissolves in ammonia-water
with blue colour, which disappears on boiling (Trapp, Russ. Pharm.
Zeitschr. 2, 1; Kopp's Jahresber. 1863, 702). Hydrochlorate of

aconitine gives with iodomercurate of potassium an amorphous white

precipitate (Delffs), and with mercuric chloride a white curdy precipitate,
soluble in hydrochloric acid and in sal-ammoniac (v. Planta).

Chloroaurate of Aconitine. Dense, amorphous, yellowish-white pre-

cipitate, not perceptibly soluble in hydrochloric acid (v. Planta).
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2. Acolyctine and Lycoctonine. From the root of A coniturn Lycoc-
tonum. The alcoholic tincture of the root is treated with lime and

sulphuric acid, as described in vol. xvi, p. 450, 2 (preparation of atropine) ;

the alcohol is evaporated ;
the resin thrown down is removed ; and the

residue is decolorised with bone charcoal, mixed with carbonate of

soda to alkaline reaction, and evaporated. The dry mass is exhausted
with chloroform (or absolute alcohol), which takes up both alkaloids ;

the solution is mixed with a little water ; the chloroform distilled

off; and the remaining syrupy liquid is shaken repeatedly with

ether, which takes up thelycoctonine, whilst the acolyctine is obtained

from the lower aqueous layer by evaporation.

Acolyctine. White alkaline powder, bitter but not acrid, burning
without residue on platinum foil. Not coloured by oil of vitriol.

Dissolves easily in water and neutralises acids. Precipitable from its

aqueous solution or from solutions of its salts by alkaline carbonates.

Ammonia converts the solution into a jelly on standing for some days.
Neutral acetate of lead throws down from salts of acolyctine, a white

precipitate soluble in excess of the precipitant ; basic acetate of lead

precipitates the aqueous but not the alcoholic solution. Molybdate of

ammonia [phosphomolybdic acid ? (Kr.)] occasions a white turbidity in

sulphate of acolyctine ; chloride of gold throws down a pale yellow,
tannic acid a white precipitate. Acotyctine dissolves easily in abso-

lute alcohol and chloroform. It is insoluble in ether, which precipitates
it from its solution in alcohol in the form of a paste, or from dilute

solutions as a white precipitate, and from chloroform in drops.

Lycoctonine. Deposited from its ethereal solution, on evaporation,
in dull-white nodules, which are washed with ether and water. Very
bitter ;

alkaline. Melts on platinum-foil and burns. Turns yellow
with oil of vitriol. Dissolves slightly in water, and neutralises acids,

forming salts which are precipitated by tannic acid. Dissolves easily
in alcohol, from which it is not precipitated by water, and sparingly in

ether (Hiibschmann, Schiueiz. Pharm. Wochenschr. 1865, 269).

COMPOUNDS CONTAINING 64 ATOMS OF CARBON.

Primary Nucleus CWH68
; Oxyazo-nucleus C 84NH80 M

.

Veratrine.

MEISSNER. Schw. 25, 377 ;
N. Tr. 5, 1, 11.

PELLETIER & CAVENTOU. Ann. Chim. Phys. 14, 69 ; Schw. 31, 178 ;

Gill). 65, 355 ;
N. Tr. 5, 2, 93 ; J. Pharm. 6, 353.

MERCK. N. Tr. 20, 1, 134.

0. HENRY. J. Pharm. 18, 663.

COUERBE. Ann. Chim. Phys. 52, 368 ; J. Pharm. 19, 527 ; Ann. Pharm.

9, 108.

ED. SIMON. Berl. Jahrb. 35, 1, \2S.-Repert. 65,195. Pogg. 43,
403.
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VASMER. N. Br. Arch. 2, 74.

G.MERCK. Ann. Pharm. 95, 200; J.pr. Chem. 66, 343 ; P/iar/n. Viertelj.

5, 244
; Kopp's Jahresber. 1855, 568.

A. DELONDRE. N. J. Pharm. 27, 147; Kopp's Jahresber. 1855, 569.

La Veratrine, to be distinguished from le Veratrin. Discovered by
Meissner and by Pelletier & Oaventou almost simultaneously in 1819.

Occurs in sabadilla seeds (to the extent of |rd per cent.) and in

white hellebore root (Handbuch viii, 86). Scattergood (N. J. Pharm.
46, 128) obtained from Helleborusviridis, veratrine and a peculiar resin

possessing an action similar to that of veratrine ; probably only a
modification of veratrine. See p. 127. According to Righini, it exists
in Scilla maritima. See xvii, 451.

Preparation. From Sabadilla Seeds. 1. Bruised sabadilla seeds
are boiled with water containing sulphuric acid

; the solution is pre-

cipitated with caustic potash or ammonia ; the precipitate is dissolved
in boiling alcohol ;

and the solution is decolorised with animal charcoal

and evaporated. The crude veratrine thus obtained forms a brittle,

fusible, yellow resin, from a solution of which in water acidulated with

sulphuric acid, nitric acid added in drops throws down a black glutin-
ous precipitate. The decanted liquid is precipitated with dilute potash-

ley ;
the precipitate is washed and dissolved in boiling alcohol of 40C

;

and the solution is evaporated. The substance thus obtained is free

from ash, but still contains sabadilline and gum-resin, both of which

may be removed by boiling with water ; also le veratrin of Couerbe,
which remains undissolved on treating the residue with ether, whilst

the true veratrine dissolves and is recovered from the ethereal solution

by evaporation (Couerbe).

2. Sabadilla seeds are exhausted in a percolator with water acidu-

lated with hydrochloric acid, and then with pure water, so long as the

liquid running through reddens litmus. The extract thus obtained is

precipitated with potash-ley ; the precipitate is collected, dried, and
triturated with the necessary precautions, and afterwards digested for

four hours with twice its weight of ether. The ethereal solution is

decanted, and the residue again treated with half as much ether as

before ; the mixed solutions are then evaporated and the veratrine

dried over the water-bath (Delondre).

Older processes. 1. Meissner exhausts sabadilla seeds with mode-

rately strong alcohol ; evaporates the tincture ; exhausts the extract

with water; precipitates the veratrine with carbonate of soda; and
washes it with water. 2. Simon frees the seeds from husks, moistens

them with alcohol ; grinds, and exhausts with alcohol. The extract

remaining on evaporating (he tincture is boiled with water acidulated

with sulphuric acid
;
and the liquid is set aside to deposit fatty oil, then

filtered, mixed with carbonate of soda, and heated to boiling so long as

it froths. The veratriue thus obtained melts to a resin, which is washed
with cold water, dissolved in 90 p. c. alcohol, decolorised with animal

charcoal, and recovered from the solution by distilling off the alcohol

and drying the residue (Simon). 3. Sabadilla seeds are boiled with

water and TVth of their weight of oil of vitriol, and again with water

and ^Vncl of oil of vitriol; and, lastly, with water free from acid;
N 2
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the mixed decoctions are supersaturated with carbonate of soda and

evaporated (without filtering-) to an extract, which is diluted while still

warm with alcohol, and repeatedly exhausted with that liquid. The
tincture thus obtained is freed from alcohol by distillation

;
the residue

is dissolved in dilute sulphuric acid
; the filtered liquid is precipitated

with a large excess of carbonate of soda, and the veratrine thereby
thrown down is purified by again dissolving, precipitating as before,
and washing the product (Vasmer). In this way 10 pounds of the

seeds yield half an ounce of veratrine. The large quantity of acid

employed has the effect of making the decoctions less slimy ;
without

acid the whole of the veratrine would not be extracted. The precipi-
tate first produced by carbonate of soda is not collected, because it

contains only a part of the veratrine, the rest remaining in solution

(Vasmer). See also Righini's process (J. Pharm. 23, 520). 4. Saba-
dilla seeds are freed from fat by warm ether, and then boiled with
alcohol ; the alcoholic liquid deposits wax on cooling, after which it is

evaporated, and the residue is dissolved in water, which leaves a little

fat. The aqueous solution is partially evaporated ; the liquid is de-

canted from the deposit thereby formed, mixed with neutral acetate of

lead, and filtered ; the filtrate is freed from lead by hydrosulphuric acid,

again filtered, and boiled with magnesia ;
and the washed precipitate

is boiled with alcohol, which is then filtered and evaporated. The

yellow pulverulent veratrine thus obtained is dissolved in alcohol and

precipitated by water (Pelletier & Caventou). According to Delondre,

poisonous substances, which excite violent sneezing, are volatilised

when sabadilla seeds are boiled with alcohol, or when crude veratrine

is dissolved in hot water containing sulphuric acid, so that the greatest
caution is necessary in performing these operatic as.

Properties. White powder, or resinous non-crystalline friable mass.
Melts at 115 (Couerbe), at 50, and solidifies to a translucent yellow
mass on cooling (Pelletier & Caventou). When melted at 100 in a vacuum,
it swells up very much and forms a spongy mass, which afterwards melts only at a

very high temperature (Pelletier & Dumas). Jt is inodorous, but the smallest

quantity of the powder causes violent and dangerous sneezing. Its

taste is very aciid and burning, not bitter. In small quantity it pro-
duces the most violent vomiting. When given to animals in doses of

a few grains, it causes death from inflammation of the intestines

(Pelletier & Caventou). Introduced into the eye, it produces a painful

burning sensation (Delondre). It turns reddened litmus blue (Pelletier
& Caventou). Does not act on polarised light (Buignet, Compt. rend.

52, 1085).
When veratrine is very carefully heated on platinum foil in the

manner described under strychnine (xvii, 483), it yields a delicate

greenish sublimate, and afterwards a denser whitish or yellowish-

green deposit. Under a magnifying power of 160 diameters, the
former appears crystalline and consists of rectangular prisms, radiated

needles, and laminae, whilst the latter is for the most part amorphous.
The crystalline sublimate is not essentially altered by the addition of a

drop of water, and is not coloured by chromic acid ; aqueous ammonia
converts it into oily drops ; dilute sulphuric or hydrochloric acid

dissolves it and leaves on evaporation crystals of other forms (Helwig,
Anal. Zeitschr. 3, 50). (See also, Erhard, N. J. Pharm. 26, 129.)
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acid acquires an intense dark-violet colour on warming [dark-red on

boiling (Trapp)], deposits small oily drops, and retains its colour for

weeks (G. Merck. Trapp, N. llepert. 11, 556; N. J. PJiarm. 44, 456).

Combinations. With Water. Crystallised or Hydrated Veratrine ?

When a dilute solution of commercial veratrine in alcohol as free

as possible from water is evaporated over a water-bath, part of the

alkaloid separates in the form of a crystalline powder, the remainder

forming a brown resin. After the latter has been washed away with
cold alcohol, a solution of the ciystalline powder in strong alcohol

yields rhombic prisms attaining a length of half-an inch. They are

colourless and transparent at first, but on exposure to air they
effloresce and become opaque and friable ; they also turn opaque and
lose their form in boiling water, without melting or dissolving

(G. Merck).
Veratrine dissolves very slightly in cold water, and in 1000 parts

of boiling water, to which it imparts its acrid taste (Pelletier &
Caventou).

Tincture of iodine throws down from hydrochlorate of veratrine a

kermes-brown precipitate (Merck, v. Planta). Biniodide of potassium

precipitates veratrine completely (Wagner).

With Acids. Veratrine neutralises acids completely, forming colour-

less salts, some of which crystallise, whilst others dry up to gummy
masses. When an aqueous acid is neutralised with excess of

veratrine and then diluted with water, the liquid again becomes acid

(from precipitation of veratrine?) (Pelletier & Caventou). The salts

of veratrine give with ammonia, and with caustic alkalis and their car-

bonates, white flocks, which on standing are partly transformed into

groups of microscopic crystals. The precipitate is insoluble in excess

of the fixed alkalis, but slightly soluble in ammonia, which deposits
it on boiling. Alkaline bicarbonates precipitate veratrine from neutral

solutions of its salts after some time, and from acid solutions after the

free carbonic acid has escaped (Fresenius). The presence of tartaric acid

prevents the precipitation of veratrine from dilute solutions by bicarbonate of potash

(Oppermann, Compt. rend. 21, 810). Magnesia precipitates acetate of veratrine but

incompletely, even on boiling, the filtrate giving the veratrine reaction with fuming
sulphuric acid (Vasmer).

Carbonate of Veratrine. A solution of veratrine in carbonic acid

water becomes covered in the air with a pellicle composed of small

crystalline prisms, which are insoluble in water, but soluble in alcohol

and ether. When dried at ordinary temperatures, the salt loses water
and carbonic acid, and becomes opaque. Alkaline carbonates throw
down veratrine free from carbonic acid from solutions of its salts

(Langlois, N. Ann. Chun. Phys. 48, 502 ; Ann. Pharm. 100, 374).

Phosphate of soda throws down from hydrochlorate of veratrine a
flcrcculent precipitate, easily soluble in hydrochloric acid (v. Planta).

Sulphate of Veratrine. A. Neutral. Obtained from sulphuric acid

and excess of veratrine. The neutral solution, evaporated over oil of

vitriol, leaves a colourless friable gum (G. Merck). The salt does not
act on polarised light (Bouchardat).
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sulphur-yellow precipitate [greenish-yellow (Larocque & Thibierge)],
not perceptibly soluble in hydrochloric acid (v. Planta). The salt
is obtained by mixing hydrochlorate of veratrine with excess of gold-
solution, washing the precipitate with water, drying, and dissolving it

in hot alcohol, which deposits yellow silky crystals on cooling. It is

purified by recrystallisation from alcohol (G. Merck).

64 C
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According- to Couerbe, this body occurs, together with veratrine, in

sabadilla seeds, and is obtained in the preparation of veratrine according
to page 179. The water in which the crude veratrine is boiled deposits
on cooling, first crystals of sabadilline, and afterwards on evaporation
reddish acrid oily drops of gum-resin (Couerbe). When the sulphuric
acid extracts of sabadilla seeds prepared by Delondre's process are

precipitated by potash-ley, and the liquid, filtered from the veratrine

thereby thrown down, is evaporated, there remains a residue from
which ether takes up a little veratrine, the rest forming with cold

water a solution which deposits crystals of sabadilline together with

gum-resin (Delondre).
Simon (Pogg. 43, 403) regards sabadilline a a compound of resinate

of veratrine with resinate of soda, from which veratrine may be
obtained by dissolving it in water acidulated with sulphuric acid, and

precipitating with excess of ammonia. According to Hiibschmann

(Pharm. Viertelj. 1, 598), however, sabadilline is a peculiar body.
Sabadilline forms white tufts of small needles, apparently six-

sided, of very acrid taste (Couerbe). It does not provoke sneezing
(Hiibschmann). Has a strongly alkaline reaction. Melts to a brown
resinous mass at 200, and does not sublime at higher temperatures.
The hydrated crystals lose 9-535 p. c. of water at 180 in a vacuum

(4 at. = 8-89 p. c. HO) (Couerbe).
Couerbe.

Dried at 180 in a vacuum. mean.

4$ C 240 64-17 63-15
2 N 28 7-48 7'95
26 H 26 6-95 6'88
10 O 80 21-40 22-02

CWH^O 10
.... 374 100-00 100-00

Sabadilline turns black at a high temperature, gives off faint clouds,
and leaves a large quantity of charcoal. Chlorine deprives it of

hydrogen, and forms a brown friable mass. Oil of vitriol turns it

brown, and carbonises it. Hot nitric acid converts it into an acid

resin, without producing oxalic acid.

Sabadilline dissolves in warm water and crystallises from the solu-

tion. It forms with sulphuric acid a salt containing 15'9 p. c. of the
acid (Couerbe), the solution of which is not precipitated by ammonia

(Hiibschmann).
Alcohol dissolves several times its weight of sabadilline, but yields

no crystals. The solution of anhydrous sabadilline in absolute alcohol

is not alkaline, whereas that of the hydrated substance is strongly
alkaline. Sabadilline is quite insoluble in ether.

2. Couerbe's monohydrate or resinigomme de sabadilline is also ob-

tained in the preparation of veratrine, according to page 179. It is a

red resin, melting at 165, having a very acrid taste and strong
alkaline reaction. It is easily soluble in water, and neutralises acids

to form amorphous salts, from which it is precipitated by alkalis (!).

It dissolves abundantly in alcohol, but only very slightly in ether.

Contains 2 atoms of water more than sabadilline (Couerbe).
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FIRST APPENDIX TO COMPOUNDS CONTAINING 64 ATOMS OF CARBON.

1. Vegetable Bases,

including those whose existence or formula is not established.

With additions.

1. ANCHIETINE. From the bark of the root of Anchieta salubris, a

Brazilian crucifer. The bruised fresh bark is allowed to ferment in the

air, and afterwards exhausted, with dilute hydrochloric acid
; the liquid

is precipitated with ammonia ;
and the anchietine thereby thrown down

is purified by crystallisation from boiling alcohol, with the help of

animal charcoal, and washed with ether. Straw-yellow needles, of

biting, nauseous taste, inodorous, and faintly alkaline. It melts on

platinum-foil, and volatilises almost entirely. Oil of vitriol colours it

violet, then black ; nitric acid colours it chrome-yellow, without de-

composing it. It dissolves to a slight extent in boiling water. It

neutralises acids
;
the hydrochlorate forms white needles, which are

soluble in boiling water only while moist. Anchietine dissolves in

alcohol, but not in ether (Peckolt, N. Br. Arch. 97, 271).

2. ANTHEMINE. Anthemis arvensis contains, according to Pattone

(N. J. Pharm. 35, 198 ; Kopps Jahresber. 1859, 404) a crystallisable base
which is taken up by boiling water from that portion of the extract

which is insoluble in alcohol, and is precipitated from the solution by
ammonia.

3. APYRINE. In the nuts of Cocos nucifera, and more abundantly
in those of C. lapidea. Obtained by exhausting the latter with water

containing hydrochloric acid, and precipitating with ammonia. White

powder, inodorous, nearly tasteless, neutral. It does not soften or melt
when heated, but evolves vapours smelling like burning hemp, and
leaves a residue of charcoal. It dissolves in 600 parts of cold water,

forming a solution which does not become turbid when heated. It is

soluble in dilute acids ; the solution in acetic acid becomes turbid on

heating
1

;
the nitric and tartaric acid solutions are precipitated by

alcohol. The acetate and tartrate may be obtained in crystals (Bizio,
J. Cldm. med. 9, 595; J. pr. Chem. 1, 421). Perhaps phosphate of

magnesia and ammonia ? (Kr.)

4. ATHEROSPERMINE. From the bark of Atherospei^ma moschatum,
a South Australian drug.

An aqueous decoction of the bark, freed from tannic acid by means
of neutral acetate of lead, is precipitated by ammonia, which throws
down atherospermine, more of which still remains in the bark. The
latter is digested with water containing sulphuric acid, and the liquid
is strained, nearly neutralised with soda, and precipitated with ammonia.
The two ammonia precipitates are digested with alcohol

; the solution

is evaporated ;
the residue is dissolved in dilute hydrochloric acid, and

again precipitated with ammonia; and the precipitate is dried, tritu-

rated, and shaken with bisulphide of carbon, with which it forms a

nearly colourless solution. After again evaporating, the residue is

dissolved in weak hydrochloric acid and precipitated with ammonia.
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Properties. White or greyish-white, lig'ht, strongly electric powder,
melting at 128. Inodorous, tastes bitter, and has an alkaline reaction.

30 C
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phosphotungstate to the filtrate, a second purer precipitate is obtained,
which is to be treated as above.

Betaine crystallises from strong
1 alcohol in large highly lustrous

hydrated crystals, C 10H 11N04 + 2HO, which, on exposure to the air,

soon deliquesce to a colourless syrup, and when heated to 100, or left

over oil of vitriol, effloresce and give off all their water. It is inodorous,
has a sweetish cooling taste, and does not react on vegetable colours.

When heated it swells up, first giving* off the odour of trimethylamine,
then that of burnt sugar, and ultimately leaving a bulky cinder, which
burns away very slowly, but completely.

Betaine is not oxidized by chromic acid, or decomposed by heating
with hydriodic acid to 200 210 in sealed tubes. When boiled with
solid potash and a little water, it is resolved into trimethylamine, which
distils over, and several fixed bases. On leaving the liquid to cool

after the trimethylamine has all passed off, then diluting with water,

supersaturating with hydrochloric acid, evaporating to dryness, and

digesting the residue with absolute alcohol, the hydrochlorates of the

fixed bases are dissolved, and remain on evaporating the alcohol. On
redissolving them in absolute alcohol, which leaves a small quantity of

chloride of potassium, and mixing the solution with terchloride of gold,
a sparingly soluble gold-salt, C l H17N04,HClAuCl

3
,

is precipitated, and

may be obtained pure and well crystallised by solution in water. The

mother-liquor evaporated over sulphuric acid yields another more
soluble hydrated salt in large crystals, which effloresce over sulphuric
acid.

Betaine is very soluble in water ; the saturated solution has a sp. gr.

of 1-1177, contains 61/8 p. c. of the anhydrous base, and does not act

on polarised light.

Hydrochtorate of betaine, C 10HnN04
,HCl, and the sulphate^ form large

crystals, permament in the air ; the nitrate crystallises in deliquescent
needles.

The chloro-aurate, C l FI11N04
,R01,AuCl

3
, crystallises in beautiful thin

needles or small plates, slightly soluble in cold, easily in hot water.

With platinic chloride the hydrochlorate of betaine forms two salts,

which perhaps differ only in their amount of water of crystallisation.
It likewise forms well crystallised double sails with the chlorides of

zinc, cadmium, and mercury.
Betaine is isomeric, or polymeric, with trimethylated glycollamide,

with butalanine, lactamethane, &c., also with oxyneurine. ^[

6. CHAEROPHYLLTNE. Obtained as sulphate in crystalline laminae,

by distilling the crushed fruit of Chaerophyllum bulbosum with water and

soda-ley, neutralising the distillate with sulphuric acid, evaporating, and

exhausting the residue with ether-alcohol, which leaves sulphate of

ammonia undissolved. The crystals burn, when heated, with the odour

of nitrogenous bodies ; they are very easily soluble in water, and when
treated with alkalis emit an odour of chaerophyllum. They are pre-

cipitated from their solution in white flocks by taunic acid. In 4 grain
doses they are poisonous to pigeons (Polstroff, JV. Br. Arch. 18,

176).

7. CHLOROGENINE and PORPHYRINE. Occur in an Australian bark of

unknown origin.
See the description (loc. dt.) To be distinguished from

Schunck's chlorogenin (xvi, 65).
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Preparation. The comminuted bark is exhausted with water, and
the extract evaporated to five times the weight of the bark employed ;

the liquid is mixed, first with sulphuric acid, and then with mercuric

chloride, which precipitates the chlorogenine as chloromercurate, and
the precipitate is washed with acidulated water so long as the

washings are distinctly coloured by strong nitric acid. The salt is then

suspended in water and decomposed by hydrosulphuric acid; the
filtrate is concentrated and precipitated with baryta-water ; the pre-

cipitate, which is at first yellow, and changes to brown, is exhausted
with absolute alcohol ; the tincture is neutralised with dilute sulphuric
acid

;
and after addition of water the alcohol is distilled off. From the

remaining sulphate of chlorogenine, ammonia throws down a portion of

the chlorogenine as a yellowish-brown precipitate, whilst the greater

part remains in solution.

The porphyririe remaining in solution after the precipitation of the

chlorogenine by mercuric chloride, is obtained as follows : The filtrate

is freed from mercury by hydrosulphuric acid, neutralised with am-

monia, concentrated, mixed with soda-ley, and shaken with ether, which
takes up porphyrine and colouring matter. The porphyrine is taken up
from the ethereal solution by agitating it with dilute sulphuric acid,
then liberated by caustic soda, again taken up by ether, decolorised

with animal charcoal, and obtained pure by evaporation.

a. Chlorogenine. Amorphous coffee-brown powder, very bitter,

and apparently poisonous. It turns reddened litmus blue.

Hesse.

42 C
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Chromate of Chlorogenine. Thrown down by bichromate of potas-
sium from the acid sulphate, in the form of a yellow precipitate which
turns ochre-coloured on drying. It undergoes alteration on exposure
to light and when highly dried. Dissolves with yellow colour in

water.

42 C
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8. CICUTINE. From Cicuta virosa. When the fresh roots are tri-

turated with water and expressed, and afterwards exhausted with
acidulated water, and the extracts are evaporated and distilled with

potash, a distillate is obtained which has the odour of cicuta, and on
which there floats a yellow pellicle (Polex, N. Br. Arch. 18, 174).
The seeds yield by distillation with potash, an alkaline distillate having
a disgusting odour. The expressed juice of the plant, freed from
albumin by boiling, yields aqueous cicutine with a little ammonia

(Wittstein, Eepert. 68, 19). According to Buigriet (N. J. Pharm. 40,

252) cicutine rotates polarised light to the right; [a] r = 15-9.

f 9. CODAMINE C 3frNH23 6
(Plesse, Ann. Pharm. 153, 56; Chem.

Centr. 1870, 167). A base contained in small quantity, together with
several others, in the aqueous extract of opium.

Preparation. The aqueous extract is precipitated with excess of

lime or carbonate of soda ;
the liquid separated from the precipitate is

agitated with ether, and the ethereal extract is mixed with acetic acid.

After removing the ether, the acid solution is poured in a thin stream
into moderately dilute potash- or soda-ley, the alkali being kept in

excess, and the liquid stirred to prevent the caking together of a

resinous precipitate (P) containing papaverine and thebaine. This pre-

cipitate is separated after 24 hours, and the nitrate, after supersatura-
tion with hydrochloric acid, is immediately mixed with ammonia,
whereby a flocculent precipitate is produced, then with chloroform

without previous filtration, and the chloroform solution is treated with
acetic acid. After removal of the chloroform, the acid solution is

exactly neutralised with ammonia, whereby a reddish, resinous, quickly

crystallising precipitate is formed, containing lanthopine. After 24
hours the yellowish solution is decanted, filtered, arid added to the

smallest quantity of potash-ley sufficient to precipitate it (this quantity

must, however, be large enough to decompose all the acetate of

ammonia in the liquid, and leave an excess sufficient to precipitate the

bases). The potash-solution thus obtained is turbid from separated

codeine, which may be completely removed by agitating the liquid with

ether, as it is much more soluble in ether than the other bases ; the

latter indeed are not taken up by the ether till they have been set free

by sal-ammoniac. The ethereal solution left to evaporate very slowly
in a tall narrow cylinder, yields in the first place a crystallisation of

laudanine; and on diluting the mother-liquor with a little ether,

washing with aqueous bicarbonate of soda, and leaving the ether to

evaporate, crystals of codamine are very soon deposited.
Codamine recrystallised from ether forms large colourless six-sided

prisms mostly terminated by domes. Melts at 121 and solidifies in

the amorphous state on cooling ; decomposes at a higher temperature.
Tasteless.

38 C
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solution. It neutralises acids, forming amorphous bitter salts. It

dissolves in strong nitric acid wth dark green, and in strong sulphuric
acid with blue colour becoming green and afterwards dark violet, when
the solution is heated. Ammonia and potash produce in codamine-salts
a white flocculent precipitate soluble in excess.

Chloroplatinate of codamine is a yellow, amorphous precipitate

sparingly soluble in water and hydrochloric acid, and yielding by
analysis 18'87 p. c. platinum, the formula C38NH23 6

,HCl,PtCl
2

requiring
19-02 p.c.

Codamine dissolves easily in alcohol and ether, still more in chloro-

form and benzol; all these solutions have an alkaline reaction. ^[

10. CRYPTOPINE. An alkaloid of opium, contained in the liquids
from which morphine has been precipitated in the preparation of that
base. The liquid is freed from alcohol and mixed with milk of lime,
and the pasty precipitate thereby produced is exhausted with alcohol,
which on cooling deposits the cryptopine in the form of a white crystal-
line mass. This is dissolved in dilute hydrochloric acid, and the solu-

tion set aside to crystallise, whereupon hydrochlorate of thebaine
first separates, and after some weeks hydrochlorate of cryptopine

crystallises out, and is purified by 6 or 7 times repeated crystallisation.

Small, strongly alkaline crystals, which are coloured by oil of vitriol

a fine blue, changing to green on addition of nitrate of potash. The
salts are crystallisable, and have a bitter, peppermint-like taste

; their

solutions readily gelatinize. The alkaloid dissolves in 1200 parts of

cold, and more easily in hot water ; it is insoluble in aqueous alkalis

and in ether (T. & H. Smith, Pharm. Journ. 6, 240; 8, 595 ; Schweiz.

Pharm. Wochenschr. 1867, 136).

11. CYNAPINE. Aethusa Cynapium contains a vegetable base,'
wliich crystallises in rhombic prisms, dissolves in water and alcohol,

but not in ether, and forms with sulphuric acid a salt crystallising in

prisms (Ficinus, Kastn. Arch. 11). On distilling the seeds with lime

and water, an alkaline distillate is obtained, which, when evaporated
to dryness with sulphuric acid, yields sulphate of ammonia and a salt

soluble in ether-alcohol. From the latter salt the base is set free by-

caustic potash. It smells like conine or nicotine, decomposes metallic

salts, and precipitates tincture of iodine (Walz, N. Jahrb. Pharm. 11,

351).

12. CYTISINE. From the ripe seeds of Cytisus Laburnum.

Chevalier & Lassaigne (/".
Pharm. 4, 340, and 455 ; 7, 235) obtained

from this source an amorphous bitter substance, which, according to

Peschier & Jacquelin (J. Chim. med. 6, 68) occurs also in the leaves of

Coronilla varia. See also Scott Gray (N. J. Pharm. 42, 160). The

unripe seeds of Cytisus Laburnum contain laburriine (p. 196).

The aqueous extract, purified by precipitation with basic acetate of

lead and highly concentrated, is precipitated with tanuic acid ;
the pre-

cipitate is decomposed by drying it with oxide of lead ;
and the cytisiue

is extracted from the dry residue by alcohol. For purification it is

converted into nitrate, the aqueous solution of which is evaporated to

dryness with excess of lead oxide ;
and the dry residue is exhausted

with boiling absolute alcohol, which leaves the cytisine on eva-

VOL. XVIII. O
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poration. Colourless crystalline mass, subliming undecomposed
between watch-glasses. Has a strongly alkaline reaction. It deli-

quesces in the air, neutralises acids, and 3
7ields with nitric acid a salt

which forms well-defined crystals. The hydrochlorate also forms

crystallisable double salts with bichloride of platinum and terchloride

of gold (A. Husemann & Marine, Krit. Zeitschr. 8, 161 ; Chem. Centr.

1865, 781).

13. DIOSMTNTE. From the leaves of Diosma crenata. Deposited
from the alcoholic tincture, on standing, in stellar groups of crystals,
which taste very bitter and like mint, and emit the odour of the leaves
when chewed. Combustible. Insoluble in water; soluble in dilute

acids, from which it is not precipitated by alkalis ; slightly soluble in

weak spirit, freely in ether and volatile oils (Landerer. Repert. 84.

62).

14. ERGOTINE. The active constituent of ergot of rye.
a. Ergotine of Wiggers. Extracted by alcohol, together with mycose
(xv, 301), and vegetable osmazome, from ergot of rye previously freed

from fat by ether. Red-brown powder, resembling cinchona-red, and

having a peculiar odour becoming more distinct on warming, and a
bitter aromatic taste. According to Ludwig, it probably contains

nitrogen, and may be regarded as a modified albumin.
When heated it emits a peculiar smell, carbonises, and burns with-

out melting. It dissolves in oil of vitriol, forming a reddish-brown

solution, from which it is precipitated in grey flocks by water. The
alcoholic solution is bleached by chlorine, with separation of white
flocks. It is insoluble in water, and in aqueous solutions of alkaline

carbonates, but dissolves easily in potash-ley, and is precipitated from
the solution by dilute sulphuric acid. It dissolves in alcohol with red-

brown colour, and in strong acetic acid, from both of which liquids it

is thrown down by water (Wiggers, Ann. Pharm. 1, 129). See also

. Neidhardt (N. J. Pharm. 18, 1) ,
who regards ergotine as resin together with colouring

matter ; Ingenohl (N. Br. Arch. 62, 17).

According to Bonjean (N. J. Pharm. 1, 174: Berz. Jahresber. 27,

481) Wiggers's ergotine is medicinally inactive. Active ergotine is

contained in the aqueous extract of ergot, together with albumin
which may be removed by boiling, and other substances the separation
of which Bonjean does not describe. It forms a reddish-brown extract,

having a pungent bitter taste, styptic but not poisonous, soluble in

water, insoluble in alcohol and ether.

b. Ecboline, Ergotine, and Ergotic acid of Wenzell. An aqueous
infusion of ergot of rye, prepared with cold water, is precipitated with
neutral acetate of lead

;
the filtrate is freed from excess of lead by

hydrosulphuric acid ; the liquid is concentrated ; and powdered mercuric

chloride is added thereto, so long as a precipitate is produced. From this

precipitate, after washing, decomposing with hydrosulphuric acid, and

filtering off the mercuric sulphide, hydrochlorate of ecboline is obtained.

The liquid filtered from the mercuric chloride precipitate gives with

phosphomolybdic acid a precipitate containing ergotine, which body is

obtained by warming the precipitate with carbonate of baryta, filtering,
and evaporating the filtrate.

Both alkaloids are amorphous, brown, and slightly bitter. They
have an alkaline reaction, and burn when heated, emitting an odour
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of flesh. Ecboline is poisonous ; it dissolves in nitric acid without
alteration ; oil of vitriol colours its solution dark rose-red. Both form

amorphous salts, and are precipitated by phosphomolybdic acid, tannic

acid, and terchloride of gold. Bichloride of platinum precipitates
ecboline dark-yellow, and ergotine (after addition of ether-alcohol)

yellowish. Cyanide of poiassium gives a white precipitate with ecbo-

line, but none with ergotine. Both substances are soluble in water and
alcohol

;
insoluble in ether and chloroform.

Ergotic acid passes over, together with formic acid, on distilling the

aqueous infusion of ergot with dilute sulphuric acid (Wenzell, Pharm.
Am. J., 36, 193 ; Pharm. Viertelj. 14, 18).

On other constituents of ergot of rye, see Ludwig (N. J5r. Arch.} 114, 193, where

may be found also references to the voluminous literature of the subject, and an

epitome of older researches.

15. EUPATORINE. From the leaves and flowers of Enpatorium
cannaUnum, from which it is obtained by boiling with water containing

sulphuric acid, saturating the filtrate with lime, exposing the precipitate
to the air till the lime is converted into carbonate, exhausting with
alcohol of 40 B., and distilling off the alcohol ; the eupatorine is then
left as a white powder. It tastes bitter and pungent. When heated
it puffs up and burns. It is insoluble in water, but soluble in absolute

alcohol and ether. With sulphuric acid it forms a salt which crystallises
in silky needles (Righini, J. Pharm. 14, 623 ; Mag. Pharm. 25, 98).

16. FAGINE. From beech-nuts. The fagine of Buchner and

Herberger (Br. Arch. 35, 149 ; Repert. 57, 381) is a yellowish-brown
tenacious mass, of repulsive odour, susceptible of distillation with

water and alcohol, but not alone. The body obtained by Zanon

(Repert. 57, 386), by precipitating an emulsion of the press-cake with

hydrate of lime, and exhausting the precipitate with alcohol, is a sticky

fatty mass, having an alkaline reaction [possibly oleate of lime ? (Kr.)1L
The volatile base obtainable from beech-nuts is, according to Brandt &
llakowiecki (Pharm. Viertelj. 13, 333) trimethylamine.

17. FUMARINE. In Fwmaria officinalis. This plant contains an
alkaloid resembling corydaline, soluble in wrater and alcohol, insoluble

in ether, precipitated by basic acetate of lead (Peschier, N. Tr. 17, 2,

80). Hannon treats the bruised herb with dilute acetic acid, evapo-
rates the extract to a syrup, exhausts with alcohol, decolorises the

alcoholic solution with animal charcoal, and evaporates, whereupon the

acetate of fumarine crystallises in needles. The crystals, when decom-

posed by an alkali, give a precipitate of fumarine, which crystallises

from boiling alcohol. Pornmier precipitates the acetic extract with

ammonia, dissolves the precipitate in hydrochloric acid, decolorises,

and allows the solution to crystallise. From the hydrochlorate thus

purified the fumarine is separated by ammonia. It forms white bitter

alkaline crystals, only slightly soluble in water, and yields with acids

frothing crystallisable salts. It is soluble in alcohol (Pommier, N.

Repert. 2, 469 ; Hannon, J. Chim. med. [3], 8, 705 ; Pharm. Viertelj. 3,

68 ; Kopifs Jahresber. 1852, 550).

18. HEDERINE. From the seeds of the ivy. An extract of the

seeds, made with acidulated water, is precipitated with milk of lime,
o 2
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and the precipitate is exhausted with alcohol. Very bitter vegetable
base (Vandamme &Chevallier, J. CMm. med. 26, 581 ; Berzel. Jahresber.

21, 325). See also XT, 521.

19. HYSSOPINE. A crystalline vegetable base, which, according to

Herberger (Repert. 33, 1) exists in the herb of Hyssopus officinal**,

though afterwards Trommsdorff (TV. Tr. 24, 2, 19) and Herberger him-
self were unable to obtain it, and the former regarded Herberger's

crystals as sulphate of lime.

20. KAWAHINE, or METHYSTICINE. Occurs in the roots of Piper
methysticum, the Kctwa of the Polynesians, together with a soft resin,
O'Rorke's kawin. Cuzerit exhausts the coarsely powdered root with

alcohol, filters, distils off the alcohol, and allows the residue to crystal-
lise. The crystals are purified by washing with weak spirit and re-

crystallising from alcohol, with the help of animal charcoal. Long,
silky, white needles, which begin to melt at 120, and melt completely
to a colourless liquid at 130. Tasteless ; neutral. Dissolves very
slightly in cold, more freely in hot water ;

in aqueous acids, without

combining therewith ; and very easily in alcohol and ether. Kawahine
contains 65-85 p. c. C., 5-64 H., and 28-51 0. (Cuzent, Compt. rend. 50,
436 ; 52, 205 ; N. Repert. 10, 440).

Gobley obtained by a similar process, a quantity of nitro-

genous crystals, amounting to 1 p. c. of the roots, melting at 130,
free from smell and taste, and not volatile without decomposition.
This body is Gobley's methysticine. Jt dissolves in oil of vitriol and
in hydrochloric acid, producing with the former a fine violet, and with
the latter a yellow solution. The crystals colour nitric acid yellow and

orange. It is insoluble in water, nearly insoluble in cold alcohol and

ether, but easily soluble in boiling alcohol and in warm volatile oils.

It contains 62-03 p. c, C., 1-12 N., 6'12 H., and 30-75 0. The mother-

liquor of methysticine yields a soft greenish-yellow resin of kawa root

(Gobley, N. J. Pharm. 37, 20). See also O'Rorke ( Compt. rend, 50,

436, and 598) ;
Procter (Chem. News, 2, 338) ; Duboil (N. J. Pharm. 41,

215).

21. LABURNINE. In the unripe seeds and pods of Cytisus Laburnum.
See Cytisine (p. 193).

The aqueous extract, purified with basic acetate of lead, is precipitated
with phosphomolybdate of soda; the flocculent precipitate is dried,

together with chalk
;
and the residue is exhausted with alcohol. The

laburnine thereby taken up is purified by converting it into the
. platinum double-salt, recrystallising, decomposing the hydrochloric
acid solution with hydrosulphuric acid, filtering from sulphide of

platinum, evaporating to dryness with excess of carbonate of baryta,
and exhausting with boiling alcohol, which deposits laburnine on

evaporation. Large hard crystalline concretions, made up of well-

formed, thick, clinorhombic prisms, which give off water of crystallisa-
tion at 100. Neutral to vegetable colours ;

evolves ammonia when
treated with cold potash-ley. Forms long slender needles with bichloride

of platinum and terchloride of gold, but appears not to combine with
acids (A. Husemann & Marine, Krit. Zeitschr. 8, 162; Chem. Centr.

1865, 781).
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If 22. LANTHOPINE C46NIP5 8
(Hesse, Ann. Pharm. 153, 57; Chem.

Centr. 1870, 168). Contained in aqueous extract of opium.

Preparation. See Codamino (p. 192). This mode of preparation is

founded on the fact that lanthopine does not neutralise acetic acid,
whereas the other bases present in .the aqueous extract form neutral
solutions therewith : hence lanthopine is precipitated when the acetic
solution of the whole of these bases is exactly neutralised with
ammonia.

Properties. White powder, consisting of microscopic prisms, or
fan- shaped groups of prisms, sometimes a centimetre long. Tasteless.
Does not alter the colour of litmus.

Hesse.
at 100. * mean.

46 C
N. .. .
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of opium, and prepared as described under codamine (p. 192). Crystal-
lises from hot dilute alcohol in stellate groups of small colourless six-

sided prisms, terminated at both ends by domes. Melts at 165 ; solidifies

in the crystalline state on cooling ;
not sublimable. Tasteless.

400
N
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Bastick, and Procter possesses basic properties. Bastick prepares it

in the same manner as aruicine (xvii, 361). Procter exhausts the seeds
with acetic acid and alcohol of 28

Q

B., and evaporates to an extract,
which is mixed with magnesia and water, and shaken with ether. The
lobeline, which remains in the form of an oil on evaporating the ether,
is purified by dissolving it in dilute sulphuric acid, treating the solution

with animal charcoal, agitating with magnesia and ether, and again
evaporating. Pale-yellow oil, having a strongly alkaline reaction, an
aromatic odour, a pungent taste of tobacco, and acting as a narcotic

poison. It volatilises with decomposition when heated, and in the free

state is decomposed even at 100. Alkalis also decompose it. It dis-

solves in water arid neutralises acids, forming crystallisable salts, which
are soluble in water and alcohol, and precipitated by tanriic acid. It

dissolves in alcohol and ether (Bastick, Pharm. J. Trans. 10, 217; N.
J. Pharm. 19, 454; Pharm. Centr. 1851, 397; Kopp's Jahresber. 1850,
437. Procter, Pharm. J. Trans. 10, 456; Kopp's Jahresber. 1851, 566).

The statements of F. F. Mayer (Amer. Journ. Pharm. 37, 209 ;

Pharm. Viertelj. 15, 233) concerning volatile lobeline, appear to refer to

this body. The aqueous and acid solutions give a brown-red precipi-
tate with bin iodide of potassium. Mercuric chloride produces no

precipitate in the aqueous solution, but both aqueous and acid solutions

give with iodomercurate of potassium a pale-yellow precipitate, slightly
soluble in potash-ley. Nitrate of silver produces in the aqueous solu-

tion a white precipitate, soluble in ammonia and nitric acid. Terchloride
of gold throws- down a pale-yellow precipitate, insoluble in hydro-
chloric acid ; and bichloride of platinum a nearly insoluble precipitate,
which floats on water. Tannic acid also precipitates the aqueous and
acid solutions.

Procter's lobelic acid is obtained by precipitating the decoction of

the leaves with sulphate of copper, and decomposing the precipitate
with hydrosulphuric acid. It is a crystalline body, which precipitates

sulphate of copper pale-green, ferric sulphate olive-brown, neutral
acetate of lead and baryta-water yellow.

25. MARSDENINE. In Cynanchum erectum. Obtained by digesting
the fresh bark of the young plant with ether, and leaving the extract,

to evaporate spontaneously, whereupon long ciystals are slowly formed.
It is purified by washing with alcohol and water, and recrystal-

lising from ether, with help of animal charcoal. Four-sided prisms
having a bitter acrid taste. Neutral. In doses of th of a grain, it

acts as a violent emetic. When heated on platinum-foil it melts to a
brown mass, evolves irritating vapours having an alkaline reaction,

carbonises, and burns. It is insoluble in water, but dissolves easily in

dilute acids, forming amorphous salts. Tile acid solutions are precipi-
tated by alkalis and by tannic acid. It dissolves with difficulty in

cold alcohol of sp. gr. 0-82, easily in ether (Landerer, Re'pert. [3],

8, 77).

f 26. MECONIDINE, C42NIF3 8
(Hesse, Ann. Pharm. 153, 47; Ghem.

Centr. 1870, 167). Contained in the aqueous extract of opium, and
remains in solution after the codamine (p. 192) has crystallised out.

When the crystals of the latter no longer appear to increase, the

mother-liquor is decanted, the bases contained in it are combined with
dilute acetic acid, and the acid solution is saturated with common
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salt, whereby hydrochlorate of meconidine is thrown down, whilst the

salts of a fourth base, or, remain for the most part in solution. The
meconidine precipitate, which is of resinous consistence, is redissolved

in cold water, with addition of a little acetic acid, and again precipitated
with common salt, which operation is once more repeated. Lastly, the

salt thus purified is dissolved in a small quantity of cold water, the

solution is mixed with excess of bicarbonate of soda, and agitated with
ether ;

the ethereal solution is filtered through animal charcoal
;
and

the ether is left to evaporate, whereupon the meconidine remains as a

yellowish varnish, very easily dried at 90.

Properties. Brownish-yellow, transparent, amorphous mass, which,
when touched, splits up into innumerable small laminae, and may be

ground to a yellowish powder. Melts at 58 ; not sublimable ;
burns

away completely when heated in the air. Tasteless. Its alcoholic

solution blues reddened litmus, and neutralises sulphuric, hydrochloric,
and acetic acids.

42 C
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27. MERCURIALINE. ("Reich ardt, Chem. Centr. 1863, 65; J. pr.
Chern. 104, 301

; Jahresb. 1863, 457 ; 1868, 754). A volatile alkaloid of

Mercurialis annua and M. perennis. By distilling the plant or seeds
with excess of lime, passing

1 the strongly alkaline vapours into dilute

sulphuric acid, and evaporating, a saline mass is obtained, from which
absolute alcohol takes up sulphate of mercurialine. The alcohol is

evaporated ; the residue distilled with caustic potash ;
and the distillate

is rectified over fused chloride of calcium in a current of hydrogen, and
freed from adhering ammonia under the air-pump.

*J[
A better mode of separation is to heat the ammoniacal sulphate

of mercurialine with water and excess of potash, soda, or lirne, while a
stream of carbonic acid is passed through the liquid, and thence into

two or three empty bottles, the first of which soon becomes hot and
causes all the carbonate of ammonia to volatilise, while the carbonate
of mercurialine remains. The carbonate of ammonia may also be
driven off by heating over the water-bath, but the evaporation must
not be carried on to dryness. The carbonate of mercurialine maybe
converted into hydrochlorate or oxalate, and on distilling the dry
hydrochlorate with lime, the mercurialine passes over in the gaseous
form at 100, and at 140 it is obtained in oily drops, if ether be used
for the separation, or if the distillation be performed in a stream of hydrogen, a

large portion of the volatile mercurialine will be lost.

Mercurialine is an oily liquid, colourless when fresh-prepared, but
soon becoming brown and resinous. It has a penetrating tear-exciting

odour, resembling also that of herb mercury, and a decidedly narcotic

action ;
reacts strongly alkaline, and forms white fumes with hydro-

chloric, acid.

From the analysis of its salts, mercurialine appears to have the same

composition as methylamine ;
the latter, however, is gaseous at ordi-

nary temperatures ;
the salts of the two bases differ also in some

respects. As however the existence of an isomeride of methylamine is

not easily conceivable, it is most probable that mercurialine consists of

methylamine mixed with a small quantity of an oily odoriferous prin-

ciple, very difficult to separate.

Carbonate of Mercurialine is formed by neutralising the base with
carbonic acid, and remains on evaporation (finally in a vacuum) as a

white salt, having an intense odour of mercurialis.

The sulphate crystallises in stellate groups of needles, which absorb
moisture from the air. It dissolves easily in water, but is insoluble in

absolute alcohol ; the aqueous solution is neutral. (Sulphate of metli}
7 -

lamine crystallises with difficulty, and dissolves easily in alcohol of

95 p. c.). Contains 50-0 p. c. SO3
; calc. for C2H6NO,S03 = 50-0 p. c.

The hydrochlorate crystallises in forms of the regular system, deli-

quesces easily, dissolves in water and in absolute alcohol ; the aqueous
solution is neutral, contains 52'1 p. c. chlorine ; the formula C*H5N.HC1

requires 52-6 p. c.

The nitrate crystallises like sal-ammoniac in long, colourless, very
deliquescent, prismatic forms.

Chloraurate of Mercurialine crystallises easily.

Chloroplatinate of Mercurialine. An aqueous solution of the hydro-
chlorate, oxalate, or other salt of mercurialine, remains clear when
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mixed with platinic chloride (distinction from ammonia), but on adding
strong alcohol, the platinum salt separates at first in small compressed
needles, afterwards in beautiful golden-yellow and very regular six-

sided plates; larger crystals are obtained by evaporation of the

aqueous solution.

2 C
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litmus. Melts at 147, and at a higher temperature turns reddish, and
finally decomposes.
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calc. for 2HO = 3-16 p. c. The anhydrous salt contains 60-76 p. c. C.,
and 4-58 H.

; calc. for C42NII2I 8
,C
UH4 U = 60-98 C., and 4-53 H.

Papaverine dissolves easily in hot alcohol, also in chloroform and
acetone ; sparingly in cold alcohol and in ether (1 pt. in 258 at 10); easily
in benzol, especially when warm, ^f

29. PSEUDO-PAPAVERINE and PAPAYEROSINE. The former, called

papaverine by Deschamps, is to be distinguished from the papaverine
of opium. These bases occur in the unripe poppy-heads of Papaver
somniferum.

a. Pseudo-papaverine. Poppy-heads are twice treated with hot

water; the infusions are precipitated with neutral and basic acetate of

lead in succession ;
the filtrate is treated with hydrosulphuric acid ;

and
the precipitate is dried, triturated, and exhausted with boiling alcohol
of 95 p. c. After distilling the tincture, the residue is evaporated to a

syrup over the water-bath, and again exhausted with boiling alcohol,
which deposits white crystals of pseudo-papaverine, together with a
black resin, on evaporation. The product dries up on paper to a

crystalline pellicle.

Short silky needles, having a bitter taste and an acid reaction.

Contains nitrogen. Dissolves in cold, and more freely in boiling water ;

more easily in water containing acids or ammonia, but does not com-
bine with bases. It is not affected by chromate of potash or ferri-

cyanide of potassium. Biniodide of potassium colours pseudo-papa-
verine blue, and throws down from the aqueous solution a blue, and
from the hydrochloric acid solution a brown precipitate, lodomercurate
of potassium does not precipitate the aqueous solution, but throws
down from the solution in hydrochloric acid a precipitate insoluble in

water. Pseudo-papaverine dissolves in alcohol, and crystallises from

boiling 70 p. c. alcohol. It is insoluble in ether and chloroform.

b. Papaverosine. Poppy-heads, previously exhausted with hot
water and dried, are treated with 56 p. c. alcohol; the alcohol is distilled

off; the syrupy residue is exhausted with ether; and after distilling off

tbe ether, the remaining green residue is dissolved in water; the solution

acidulated with hydrochloric acid is boiled with magnesia ; and the pre-

cipitate thereby produced is dried and exhausted with boiling alcohol.

The crystals which are deposited on evaporation are purified by dis-

solving them in acidulated water, precipitating with ammonia, and

recrystallising from weak spirit. Colourless, thick, long needles and

octagonal prisms, having a faint taste and slightly alkaline reaction.

The substance contains nitrogen.
When treated with oil of vitriol, it assumes a violet colour, changing

to red on warming, and on the addition of nitric acid a dark orange
liquid is formed, which colours a large quantity of water. It dissolves

in strong nitric acid, with greenish-yellow colour.

It forms with hydrochloric acid, which it does not completely neu-

tralise, a gummy salt, a solution of which turns milky, ^and deposits

crystals on addition of ammonia. Solutions of papaverosine are

precipitated yellow by biniodide of potassium, white by molybdate of

ammonia [phosphomolybdic acid f (Kr.)], yellow by chromate of potash,
white by iodomercurate of potassium, and whitish by bichloride of

platinum.
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Papaverosine dissolves in alcohol, benzol, and warm olive oil, and
crystallises from the solutions. Its solutions in ether and in chloroform
do not crystallise (Deschamps, Ann. Chim. Phys. [4] 1, 453 ; Kopp's
Jaliretbcr. 1864, 446).

30. PASTINACINE. The fresh seeds of Pastinaca saliva yield, when
distilled with water and potash, an alkaline distillate arid a volatile

oil. On removing the latter, neutralising the aqueous liquid with

sulphuric acid, evaporating, and treating the residue with ether- alcohol,

sulphate of ammonia is left undissolved. The solution, when evapo-
rated and again distilled with potash, yields a distillate containing a
little ammonia and an alkaloid smelling of parsnips (Wittstein, JKepert.

68, 15).

IT 31. PHYSOSTIGMINE. Eserine (xvii, 594). Hesse prepares this

base by mixing' the recently prepared extract of Calabar beans with an
excess of bicarbonate of soda, agitating with ether, treating the
ethereal extract with dilute sulphuric acid, passing the liquid through
a wet filter, adding an excess of bicarbonate of soda, and again

extracting with ether. On evaporating the ether, pure physostigmiue
(forming a clear, colourless solution in acetic acid) remains behind as a
colourless mass, which dries up over oil of vitriol to a brittle substance,

becoming soft at 40, and liquid at 45. Strongly alkaline. Tasteless.

According to Vintschgau (Wien. Acad. Ber. 55 [2J, 49) it produces
violent tetanic convulsions in many amphibia.

30 C . ....
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addition. The solution of physostigmine in strong nitric acid is yellow ;

that in concentrated sulphuric acid is first yellow, then olive-green.

Physostigmine added to neutral ferric chloride throws ferric oxide.

It forms a kermes-brown precipitate with a solution of iodine in iodide

of potassium, and is precipitated by tannic acid, mercuric chloride, and
auric chloride, but not by platinic chloride. Potassio-mercuric iodide

forms with salts of physostigmine a white, easily fusible precipitate of

the salt C30N3H21 4

,HI,2HgI, containing 23-16 23'46 p. c. Hg., and
43-63 I (calc. 23-33 Hg, and 44'45 I).

Physostigmine dissolves easily in alcohol, ether, chloroform, and benzol

(Hesse, Ann. Pharm. 141, 82
; J.pr. Chem. 101, 505). f

32. PYRARINE. An alkaloid from the bark of Pyrus or Cratmgus
Aria. A saturated decoction of the bark is evaporated to dryness
with calcined magnesia ; the residue is boiled with absolute alcohol ;

the alcoholic liquid is filtered hot, and distilled to dryness ; and the

residue is exhausted with warm water. There then remains a bitter

resin easily soluble in alcohol, whilst the aqueous solution, when
evaporated to an extract, yields a straw-yellow mass possessing- the

properties of a vegetable base. It has an alkaline reaction
; neutralises

acids ; does not form crystals with sulphuric acid
;

is insoluble in

ether. The alkaloid is also obtained by exhausting the bark with
hot alcohol, evaporating, treating the residue with water containing

sulphuric acid, shaking the acid liquid with milk of lime, filtering, and

boiling the precipitate with alcohol, which takes up the pyrarine

(Zanon. Eepert. 62, 272). The two processes appear to be con-

tradictory (Kr.).

33. PTKETHRINE. From Radix Pyrethri. The pyrethrine of

Gaultier & Parisol (J. Pharm. 1818, 49; 1834, 251) is a mixture of

three substances. On exhausting the root with ether, evaporating the

liquid, and treating the residue with potash-ley, an oily body is dis-

solved, whilst a very acrid resin remains behind. The latter is soluble

in strong alcohol and is precipitated from the solution by water (Kone,
Ann. Chim. Phys. 59, 328).

34. RHOEADINE and RHCEAGENINE. Hesse (Ann. Pharm. Snppl. 4,

50
;
Ann. Pharm. 140, 145).

a. Rhceadine. Occurs in all parts of Papaver Elicca, in the ripe cap-
sules of Papaver somniferum, and in very small quantity in opium.

Preparation. A warm aqueous infusion of the comminuted plant is

evaporated to a thin extract, which is supersaturated with soda and

agitated with ether so long as that liquid takes up rhoeadme. The
ethereal liquid is shaken with an aqueous solution of bitartrate of soda,
to which it gives up the rhceadine. This solution, after being freed

from ether, yields with ammonia a greyish-white precipitate, which

quickly turns crystalline, and is to be washed with cold water, dried,
boiled with alcohol to remove colouring matter and thebaine, dissolved

in acetic acid, decolorised with animal charcoal, and precipitated with

aqueous ammonia, or in order to obtain larger crystals, with alcoholic

fimmonia.

Properties. Small white prisms, very slightly alkaline in alcoholic-
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solution. Tasteless
;
not poisonous. Melts at 232, turning brown

and subliming in part. In a stream of carbonic acid long white prisms
are easily obtained.

Hesse.

Crystals. mean (3).

42 C : 252 C5-79 6577
N 14 3-65 362

21 H 21 5-48 5-51

12 96 25-08 25'10

C42NH2iO i2 383 100 .00 100 .00

Rhosadine dissolves in oil of vitriol with olive-green, and in strong
nitric acid with yellow colour. A solution of rhceadine in excess of

moderately dilute sulphuric or hydrochloric acid assumes, on standing
for a short time, a fine purple-red colour, a quantity of red colouring
matter amounting to about 5 p. c. of the rhoeadine being formed, together
with rhceagenine as second product. Tartaric and hot acetic acids act in

the same manner. The red colour is destroyed by alkalis and restored

by acids.

Rhceadine is nearly insoluble in water, aqueous ammonia, carbonate

of soda, and lime-water. Its colourless solution in dilute hydrochloric
acid not in excess gives with iodomercurate of potassium, a pale-yellow
precipitate, insoluble in acids, and with mercuric chloride a white pre-

cipitate, soluble in water.

Chloroplatinate of Rhceadine. Yellow amorphous precipitate,
soluble in water and acids. Loses 2-66 p. c. of water at 110, and
contains 16-26 p. c. of platinum (C

42NH21 10
,HCl,PtCl

2 + 2HO requires
2-96 HO and 16-25 Pt).

Chloro-aurate of Rhaadine forms yellow flocks, which melt to a red
resin when heated. The tannate is a white amorphous precipitate.

Rhoeadine is nearly insoluble in alcohol, ether, chloroform, and benzol.

b. Rhoeagenine. 0. Hesse (Ann. Pharm. 140, 149). Produced by the
action of strong acids on rhceadine. After removing, by means of

animal charcoal, the red colouring matter formed at the same time, it is

precipitated from the solution by ammonia, and purified by crystallisa-
tion from hot alcohol.

Small white prisms having an alkaline reaction. Melts at 223 to

a colourless liquid, which turns brown and decomposes, without

subliming. Tasteless in itself, but very bitter when combined with
acids.

Prisms. Hesse.

N
21 H
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The sulphate is a colourless amorphous salt, having a neutral reac-

tion, easily soluble in water, less freely in alcohol. It gives with
bichromate ofpotash a yellow precipitate ; with iodomercurate ofpotassium
a pale-yellow precipitate, insoluble in acids ; and with mercuric chloride

a white amorphous precipitate, easily soluble in water and acids.

Chloro-aurate of rhceagenine is a yellow amorphous powder, insoluble in

dilute acids. The chl.oro-platinate is a yellow amorphous precipitate,

abundantly soluble in water and in hydrochloric acid : it contains, at

110, 16-44 p. c. of platinum (by calc. 16-73 p. c. pt.}.

Rhceagenine is but little soluble in alcohol and ether.

35. SARRACININE. Occurs in the root of Sarracinia purpurea. The
powdered root is agitated with water acidulated with sulphuric acid ;

the liquid is evaporated to dryness, and the residue treated with bisul-

phide of carbon, which takes up a resinous body. The exhausted
substance is then treated with water, and the aqueous liquid is

evaporated to a syrup and shaken with ether, to which it gives up
sulphate of sarracinine. The salt is purified by crystallisation and de-

composed with bicarbonate of soda. Sarracinine is a white bitter

substance, forming salts ; the sulphate crystallises in needles. It

dissolves in alcohol and ether (St. Martin, Pharm. Viertelj. 15, 234 ;

and, with some varying statements, Krit. Zeitschr. 9, 442).

36. TAXINK. Obtained from the leaves of Taxus baccata. An
alcoholic tincture of the leaves is evaporated to dryness, together with
tartaric auid. The residue is exhausted with water; and the aqueous solu-

tion thus obtained is filtered, evaporated to a syrup, mixed with excess
of bicarbonate of soda, and shaken repeatedly with ether, which takes

up the taxine and leaves it behind on evaporation. The product is

purified by repeatedly dissolving it in dilute acids and precipitating
with ammonia. Loose, non-crystalline, bitter powder, melting to a
friable yellow resin when heated. It dissolves in oil of vitriol with

purple-red, and in strong nitric acid with yellowish-brown colour. It

is sparingly soluble in water but easily soluble in dilute acids, with
which it does not form crystallisable salts, and is precipitated from the
solutions by the fixed alkalis and ammonia. The solution in sulphuric
acid is precipitated yellowish-brown by tincture of iodine, white by
tannic acid, and is not affected by bichloride of platinum. Taxine dis-

solves easily in alcohol and ether (Lucas, N. Br. Arch. 85, 145).

f 37. THEBAENE. (Hesse, Ann. Pharm. 153, 69; Chem. Centr.

1870, 167.) This base, discovered by Thiboumery (xvii, 167), is one
of the constituents of the precipitate P, obtained in treating the

aqueous extract of opium in the manner described under codamine,

(p. 192). By dissolving* this precipitate in acetic acid, treating it with
animal charcoal, combining it with tartaric acid, recrystallising the tar-

trate from a small quantity of boiling water, and separating with

ammonia, the thebaine is obtained perfectly pure. In this state it

crystallises from hot dilute alcohol in beautiful colourless crystalline

laminae; from strong alcohol, in solid prisms. Melts at 193; not
sublimable ; tasteless ; its solutions have an alkaline reaction.
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38 C ..



,210 FIRST APPENDIX: VEGETABLE BASES.

sparingly in cold alcohol, moderately soluble in boiling water, sparingly
in cold water (1 pt. in 304 at 20). The solutions are neutral. Con-
tains 57-85 p. c. C. and 6'19 H.

;
calc. 58-06 C. and 6*23 II. Gives off

il-70 to 12-00 p.c. water ; calc. 11-61 p. c.

Thebaine dissolves easily in alcohol, chloroform, and benzol, sparingly
in ether (1 pt. in 140 at 10).

38. THEBENINE and THEBAICINE. Bases isomeric with thebaine,

produced by the action of acids on the latter.

a. Thebenineis prepared by heating 10 grammes of thebaine with
200 grammes of hydrochloric acid (sp. gr. 1-04) to the boiling point,

removing the flask from the fire as soon as the first bubbles of vapour
appear, and cooling the solution by pouring it into an equal volume of
cold water. Crystals of hydrochlorate of thebenine are thereby obtained,
which may be purified by recrystallisation ; and from the aqueous
solution of this salt the base may be separated as a white flocculent

precipitate by addition of sulphite of soda. It is perfectly amor-

phous, insoluble in ether and benzol, slightly soluble in boiling alcohol,
insoluble in ammonia, easily soluble in caustic potash, and separable
therefrom by sal-ammoniac ; neutralises hydrochloric and sulphuric
acids. It rapidly absorbs oxygen, especially in contact with basic sub-
stances. Its solution in potash becomes dark brown, from formation of

a humus-like, apparently basic substance. Strong sulphuric acid dis-

solves thebenine with splendid blue colour, which disappears on
addition of water, and is reproduced by further addition of the acid.

Salts of Thebenine. The sulphate is obtained pure by heating the

aqueous solution of the hydrochlorate with a little sulphuric acid, as
a white crystalline powder made up of small prisms. In the air-dried

state it contains 2 at. water, which it gives off at 100.

at 100.

380 228 .... 63-33
N 14 . 3-88
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The chloromercurate,
38NH21

0',IICl,IIgCl + 2110, forms very long,
colourless prisms, mostly in fan-like groups; contains 14-36 p.c. 01,
20-12 Jig, and 3*25 3-63 IK) ;

calc. 14-17 01, 19-96 Ilg, and 3'5'J HO.
(lives off its water completely over oil of vitriol, very quickly at 100.
The chloroplatinate is a brownish-yellow amorphous precipitate, quickly
becoming darker, and ultimately converted into a greenish brown
mass.

Sulphocyanide of Thebenine separates on adding sulphocyanide of

potassium to the aqueous solution of the hydrochlorate, as a white shin-

ing crystalline powder, very sparingly soluble in cold water.

Oxalate of Thebenine is obtained by precipitating the hydrochlorate
with oxalic acid, in large colourless crystalline laminse, having a satiny
lustre ; slightly soluble in boiling water, insoluble in alcohol.

at 100. Air-dried.

42 C 252 .... 62-85 .... 6270 C^NH^O6 311 .... 74*23
N 14 .... 3-49 C4H 2O8

.... 90 .... 21'48 .... 21'47
23 H 23.... 5-73.... 5'50 2HO 18.... 4'29 .... 4'43

14 O 112 .... 27-93

C38NH21O6
,C

4H2O8 401 .... 100-00 + 2IIO 419 ,.., lOO'OO

6. Thebaicine is produced from thebaine, or from thebenine, by the
action of strong acids ; with hydrochloric acid at the boiling heat the

change is complete in a few minutes. The resulting solution, mixed
with ammonia, yields thebaicine in the form of a yellow amorphous
precipitate. Thebaicine is insoluble in water, ammonia, benzol, and ether ;

slightly soluble in hot alcohol, and separates from the solution still in

the amorphous state. It dissolves easily in potash, and the solution

quickly absorbs oxygen from the air ; thebaicine alone is likewise sensi-

tive to oxygen. It dissolves in strong nitric acid with dark red, and in

strong sulphuric acid with dark blue colour. The sulphate and hydro-
chlorate of thebaicine are amorphous and resinous ; the chloromercurate

is a white amorphous flocculent precipitate. Neither the base nor its

salts have been analysed, but from its close analogy to thebaine and

thebeniue, Hesse regards it as isomeric therewith. ^

39. TRIANOSPERMINE, and other constituents of the root of Trianosperma
ficifolia, one of the Brazilian Cucurbitaceans. An alcoholic extract of the
root is exhausted with water, which leaves resins undissolved; the

solution is freed from substances precipitable by neutral acetate and
basic acetate of lead in succession, and also from excess of lead ;

and
the filtrate is evaporated and freed from the potash salts which crystal-
lise out. To the mother-liquor absolute alcohol is added to precipitate

gum ; the filtrate is mixed with ether, which throws down sugar ; and
the liquid is evaporated to dryness. The amorphous residue is dis-

solved in water ; the solution is precipitated with tannic acid ; the pre-

cipitate is triturated with calcined magnesia, dried, and exhausted with
alcohol ;

and the tincture is evaporated to a syrup and shaken with
ether. The ether takes up trianospermitine, which crystallises on

evaporation, whilst the syrupy liquid contains trianospermine and bitter

substance, the former of which crystallises out on addition of alcohol,
and standing, the latter remaining in the mother-liquor.

a. Bitter substance or Tayuyin. Amorphous, yellow, very hygro-
p 2
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scopic mass, having a very bitter taste and a slightly acid reaction,

and acting as a purgative. It is combustible. Alkalis convert it into

a dark substance, which is precipitated by acids. It dissolves easily in

water ; baryta-water precipitates the solution yellow ; lead salts give
a white precipitate only after addition of ammonia. It is precipitated

by nitrate of silver, by terchloride of gold, by bichloride of platinum,
after addition of alcohol, and by tannic acid, but not by tartar-emetic.

It dissolves in alcohol, and to a slight extent in ether.

1). Trianospermine. Colourless needles, without smell, of a some-
what biting taste and alkaline reaction. Volatilises completely when
heated. It dissolves in water, from which it is precipitated by basic

acetate of lead and bichloride of platinum, and is soluble also in alcohol

and ether.

c. Trianospermitine. Small white granules, without smell or taste,

volatilising when heated. It is insoluble in water, slightly soluble in

absolute alcohol, and easily soluble in ether. The (alcoholic ?) solution

is precipitated by mercuric chloride and basic acetate of lead.

The root contains also alpha- and beta-resins (Peckolt, N. Br.Arch.

113, 104).

40. Alkaloid from the seeds of Vitex Agnus castus. The alcoholic

tincture of the seeds yields a very bitter crystalline mass, nearly in-

soluble in water, but easily soluble in dilute acetic acid. It is pre-

cipitated from its solution in acetic acid by potash and ammonia, and
from its alcoholic solution by tincture of galls. When an extract of

the seeds, made with hydrochloric acid, is precipitated with ammonia
or magnesia, the precipitate exhausted with alcohol, and the tincture

decolorised with charcoal and evaporated, indistinctly crystalline warts
make their appearance, which are soluble in acids, are precipitated
therefrom by ammonia, and dissolve in ether and alcohol (Landerer,
Repert. 54, 90).

SECOND APPENDIX TO COMPOUNDS CONTAINING 64 ATOMS OF CABBON.

Bitter Principles and other peculiar Vegetable Substance s

chiefly those whose existence or formula is not well established.

With Additions.

1. ACHILLEIN. Occurs in Achillea Millefolium. The aqueous
decoction of this plant is clarified with albumin and concentrated ; the

liquid is then neutralised with milk of lime, decolorised with animal

charcoal, and evaporated ; the residue is treated repeatedly with abso-
lute alcohol; and the achillein which remains on evaporating the

alcoholic solution is freed from resin by dissolving it in water. Hard,
reddish-brown, hygroscopic extract, neutral, and bitter. It dissolves

easily in water, forming a solution which is precipitated by basic

acetate, but not by neutral acetate of lead. It is soluble also in boiling
strong alcohol, but not in ether ; the alcoholic solution is not precipi-
tated by tannic acid (Zanon, Ann. Pharm. 58, 21). The achilleic acid,
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likewise found by Zanon in yarrow, is, according to Hlasiwetz ( Wien.
Acad. Ber. 24, 268), aconitic acid (xi, 401).

^[ 2. ACORIN. A nitrogenous glucoside contained in the roots of

Acorus Calamus. The unpeeled roots are repeatedly boiled with water;
the extract evaporated down to the weight of the roots is mixed with
an equal volume of alcohol ; the filtrate is precipitated with neutral
and basic acetate of lead ;

and the liquid, filtered from the precipitate,
freed from excess of lead by sulphuretted hydrogen, and from alcohol

by distillation, and concentrated to a small bulk, is mixed with excess
of soda-ley, and then shaken up with ether. On evaporating the ether,
the acorin (still impure) remains as a non-crystalline, honey-yellow,
soft, resinous mass, having the bitter aromatic taste of the root. It

dissolves easily in ether and in alcohol, and is precipitated from the
former by benzol, from the latter by water. It has a slight alkaline

reaction in alcoholic solution ; dissolves slowly but completely in hydro-
chloric acid, and is precipitated therefrom by tannic acid, potassio-
mercuric iodide, iodine-water, and phosphomolybdate of soda. It

reduces auric and platiuic chloride, also an alkaline cupric solution, after

some time. Boiled with dilute sulphuric acid, or with baryta-water, it

yields a resinous nitrogenous substance, together with sugar (Faust.
Arch. Pharm. [2], 131, 214 ; Bull, Soc. Chim. [2], 9, 392 ; Jahresber. 1867,

753).1f

3. ADANSONIN. From the bark of Adansonia digitata (Handbuch,
viii, 29). Extracted from the bark by ether, from which it crystallises
on evaporation (Walz). Wittstein boils the alcoholic extract of the
bark with water, shakes the decoction with oxide of lead, evaporates
the filtrate, and treats the residue with ether, which takes up the
adansoniu. White needles and prisms, melting to a resin below 100.

Non-nitrogenous. Contains 48*30 p. c. C., 5*95 JEL, and 45*75 0., and is

probably represented by the formula C48
JEL

36 33

(Walz). It dissolves in

oil of vitriol with brown colour, and turns brown in hydrochloric acid.

Nitric acid forms on evaporation a yellow tasteless resin. According
to Walz, it is insoluble, but according to Wittstein, slightly soluble in

water. It dissolves in ammonia, forming a yellow solution, from which
it is precipitated by acids, and is easily soluble in aqueous and absolute

alcohol, and in ether (Walz, Jahrb. pr. Pharm. 24, 100, and 242 ; 27, 1.

N. Jahrb. Pharm. 1, 163. Wittstein, Pharm. Viertelj. 4, 41).
The red colouring matter of Adansonia is extracted by alcohol from

the powdered root which has been previously exhausted with ether,
and is purified by treatment with water. It forms an amorphous dark
blood-red mass, containing 59-21 p. c. C., 6-08 H., and 34-71 0., and
dissolves in oil of vitriol with brown-black colour. It is deposited from
its solution in boiling water (200 parts) in the form of a red powder,
and from its solution in ammonia, on addition of hydrochloric acid, in

yellowish-red flocks. Alcoholic neutral acetate of lead throws down
from an alcoholic solution of the colouring matter, violet flocks contain-

ing 36-30 p. c. PbO., 38-36 C., 3-84 H., and 21-18 0. The alcoholic

solution of the colour precipitates metallic salts. The colouring
matter is very easily soluble in absolute alcohol, but not in ether (Walz,
Jahrb. pr. Pharm. 27, 6).

4. AGAEICIN. Occurs in the officinal Ayaiicus albus, the inner
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substance of the larch agaric (Polyporus officinalis). It is to be dis-

tinguished from amanitiii (see below) and from the solid fat of mush-
rooms, which has also been called agaricin (see Chohsterin).

"When Agaricus albus is exhausted by percolation with cold water
and 86 p. c. alcohol in succession, the alcoholic extract leaves, on eva-

poration in a vacuum, an amorphous yellow residue, amounting to

65 p. c. of the agaric employed, and soluble to the extent of |rd in

50 p. c. alcohol. This solution is allowed to evaporate spontaneously ;

the white powder which is then deposited is dissolved in strong
alcohol

;
and the solution is mixed with ^th its volume of ether, which

precipitates extractive matters. The ether-alcohol solution leaves

agaricin on evaporation.
j White crystalline powder, made up of

microscopic flat prisms. Tastes at first insipid, afterwards sweetish
bitter and pungent. Free from nitrogen. It does not reduce alkaline

solutions of copper, either alone or when mixed with emulsin, and
left for 12 hours at 40; but it exerts a slight reducing action after

being boiled with dilute sulphuric acid, or after an hour's contact with

saliva, a peculiar sugar being apparently produced. It is dissolved
and decomposed by strong acids and alkalis ; soluble to a slight extent
in water and in alcohol, but not in ether (Schoonbroodt, Pharm.

Viertelj. 13, 227).

5. AMANITIN. The poisonous principle of Agaricus bulbosus, A.

muscariiUj and A. volvaceus. The expressed juice is freed from albumin

by heating it in a water-bath, then filtered, and precipitated with basic
acetate of lead ; the filtrate is freed from lead by means of sulphuric
acid and evaporated to dryness ; the residue is exhausted with ether to
remove fat

;
and the amanitin is taken up by absolute alcohol. Brown

amorphous deliquescent mass, poisonous, inodorous, and tasteless. It

is not decomposed by acids or dilute aqueous alkalis, or precipitated

by basic acetate of lead or tincture of galls. It dissolves in water, but
not in volatile oils or ether (Letellier, J. Pharm. 16, 109; Ann. Pharm.

25, 196). According to Sicard and Schoras (N. J. Pharm. [4] 1, 442)
the fungi above-mentioned contain a poisonous alkaloid.

6. ALCORNIN. From the bark of Alchornea latifolia. The bark is

exhausted, first with water and then with alcohol ; the alcoholic liquid
is evaporated ; and the alcornin is taken up from the residue by ether,
from which it crystallises (Blitz). The product is purified by recrys-
tallisatiou from boiling alcohol, with the aid of animal charcoal

(Frenzel). Colourless silky needles, which sublime without decom-
posing. Neutral. Dissolves in hot fuming nitric acid, and is precipi-
tated therefrom by water. Soluble with brown-yellow colour in oil of

vitriol, from which it is thrown down by water, apparently unaltered,
and with fine red colour in fuming sulphuric acid, without forming with
it a conjugated compound (Frenzel, N. Br. Arch. 23, 173). It is not
affected by weak acids, nor by ammonia or potash-ley, even when
heated therewith. It is soluble in alcohol, from which it is precipitated
by water ; easily soluble in ether and cold oil of turpentine ; nearly
insoluble in cold, but easily soluble in hot oil of almonds and olive oil

(Blitz, Br. Arch. 12, 46).

7. ALSTONIA BITTER. Obtained by precipitating a decoction of
the bark of Alstonia constricta, one of the Australian Apocynacece, with
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tannic acid. On drying the precipitate with oxide of lead, exhausting
the residue with alcohol, and evaporating, the bitter remains as a

dark-yellow amorphous mass, slightly soluble in ether arid acids. Free
from nitrogen (Palm, Pharm. Viertelj. 12, 1G1).

8. ANGELICA BITTER. Occurs in that portion of the alcoholic

extract which is soluble in water. The sugar which is present with it

is first allowed to crystallise out
;
the malic and tannic acids are then

precipitated with basic acetate of lead ; the filtrate is freed from lead

by hydrosulphuric acid and evaporated ; and the residue is dissolved in

alcohol. The bitter thus obtained (which still contains sugar) is

amorphous, yellowish, and translucent, easily soluble in water and

alcohol, but insoluble in ether ; it is not precipitated by ammonia^ car-

bonate of soda, mercuric chloride, or tannic acid (Buchner, Repert. 76,

170). See also Buchholz & Brandes (N. Tr. 1, 2, 148).

9. ANGUSTDRA BITTER. Obtained by precipitating an aqueous
solution of the alcoholic extract with basic acetate of lead, removing
excess of lead by means of sulphuric acid, neutralising with ammonia,
evaporating, and extracting the bitter with absolute alcohol. Dark
brown-red extract, very bitter, soluble in water and alcohol, insoluble

in ether. It is precipitated by tannic acid, but not by basic acetate of

lead, tartar emetic, or mercuric chloride (Winckler, Repert. 66, 336).
See also Pfaff (System der Materia medica, 2, 45).

10. ANTIRRIN, ANTIRRACRIN. From Antirrhinum majus. A decoc-

tion of the plant is precipitated with neutral and basic acetates of lead,

filtered, freed from excess of lead, and precipitated with tannic acid.

The latter precipitate is dissolved in alcohol and decomposed with oxide

of lead, and the filtrate is digested with animal charcoal arid evapo-
rated, whereupon an amorphous residue is left, from which ether takes up
antirracrin, leaving antirrin undissolved. Antirracrin is an amorphous
body, of very pungent taste, soluble in alcohol and ether, insoluble in

water. Antirrin forms yellowish-white scales, having a very bitter

taste (Walz, Jahrb. pr. Pharm. 27, 74). Linaria cymbalaria contains

similar substances (Walz, Jahrb. pr. Pharm. 27, 129).

11. The seeds of Anthemis nobilis contain, according to Bley (N.
Br. Arch. 1, 76) a bitter substance, which is precipitated from the

aqueous extract by animal charcoal, and may be extracted from the

washed charcoal by alcohol. It forms a yellow, very bitter extract,

destitute of alkaline properties.

12. BIRTHWORT BITTER. Walz's Clematidin. From Aristolochia

Clematitis. 1. The plant is exhausted with ammonia-water ; the ex-

tract is precipitated with neutral acetate of lead
; the precipitate is

triturated with alcohol and decomposed with dilute sulphuric acid;
excess of the acid is removed by baryta-water; the filtrate is de-

colorised with animal charcoal and evaporated ; and the residue is freed

from resin by means of ether, and purified by dissolving it in ether

and evaporating slowly (Walz, Jahrb. pr. Pharm. 26, 73). Winckler
Jahrb. pr. Pharm. 19, 71) precipitates the ammouiacal extract with
dilute sulphuric acid [leaving most of the bitter in solution (Walz)],
washes the resinous precipitate with cold water, in which it is insoluble,
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dissolves it in 80 p. c. alcohol ; decolorises the solution with animal
charcoal

; evaporates ; and frees the residue from resin by repeatedly
dissolving it in cold water and evaporating. Thus obtained, the bitter

still contains salts. Amorphous, golden-yellow mass, having a very
bitter taste. Neutral. Contains 50-04 p. c. 0., 4-90 H., and 45'06 0.

(Walz). When heated on platinum foil, it melts, evolves inflammable

vapours, and leaves easily combustible charcoal. It is coloured olive-

green by oil of vitriol, arid afterwards, on addition of water, deposits
yellowish-white bitter flocks, soluble in alcohol. It dissolves in nitric

acid, forming a red-brown solution, from which water precipitates it in

yellow flocks, apparently unaltered (Walz). According to Winckler,
it dissolves in water in all proportions ; according to AValz, in 200 parts
of cold, and 50 parts of boiling water, and much more freely in saline

solutions. It is insoluble in cold hydrochloric acid, and turns soft in

the hot liquid. It dissolves in aqueous alkalis more freely than in water,
forming brown solutions (Walz). The aqueous solution, after stand-

ing some time, precipitates tincture of iodine reddish-brown ; iodic acid

pale-yellow [with liberation of iodine (Winckler)] ; ferric chloride

yellow ; sulphate of copper greenish-yellow ; mercuric chloride yellow ;

bichloride of platinum and nitrate of silver yellowish-brown. It im-

mediately throws down an abundance of yellow flocks from neutral
and basic acetates of lead. The precipitate produced by an alcoholic

solution of the bitter in neutral acetate of lead contains, on the average,
51-50 PbO., 24-25 C., 2-40 H., and 21-85 0. (Walz). The bitter dis-

solves easily in alcohol, but not in ether, and is not precipitated by
tarmic acid (Walz ; Winckler).

Serpentaria bitter, which, according to Winckler, is identical with
birthwort bitter, is obtained from the roots of Aristolochia Serpentaria.

Chevallier precipitates the aqueous decoction with neutral acetate of
lead ; washes the precipitate with water, and boils it with alcohol, which
dissolves bitter and resin ; evaporates the solution ; and extracts the
bitter from the residue with water, the resin remaining undissolved.
Bitter and acrid ; easily soluble in water and alcohol. The aqueous
solution does not precipitate metallic salts, not even neutral acetate of

lead, and it precipitates the basic acetate only after some minutes.
The precipitation of the bitter by neutral acetate of lead in its prepara-
tion is due to the presence of phosphoric and malic acids (Chevallier,
J. Pharm. 6, 565). Feneulle, on the contrary, separates the precipitate
produced by neutral acetate of lead in a decoction of the root ; frees the
filtrate from, lead by sulphuric acid ; evaporates ; and dissolves the
residue in water and in alcohol alternately. The yellow, very bitter,

hygroscopic mass thus obtained is precipitated from its aqueous solu-
tion by metallic salts and also by tincture of galls (Feneulle, J. Chim.
med, 2, 434).

Frickhinger's Aristolochia yelloiv and Ariotolochia resin are obtained
from the year-old underground stems of Aristolochia Clematitis.

When the dried and powdered stems are exhausted with ether and
Mie extract is evaporated, there remains a thick brown residue, in wlii' ii

crystals of aristolochia yellow form slowly and may be purified by
washing with ether. The crystals are also obtained by evaporating
the aqueous extract to a syrup, agitating with ether, and evaporating
the ethereal liquid. It forms amber-yellow transparent prisms, half a
line in length, which melt and decompose when heated. After tritura-
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tion, the crystals dissolve with golden-yellow colour in cold and hot

water, and likewise in ammonia and alkalis, and are precipitated from
all these solutions by acids. The aqueous solution gives a lemon-

yellow precipitate with neutral and basic acetates of lead, and an

orange-coloured precipitate with nitrate of silver. The yellow dissolves

in alcohol and very easily in ether.

The resin is obtained by evaporating the mother-liquor from which
the yellow has crystallised, treating the residue with alcohol, which
leaves wax undissolved, and evaporating the alcoholic solution. It

may be freed, though imperfectly, from yellow and bitter principle

by boiling it with water. It is a soft body, of biting balsamic taste,
soluble in ether and alcohol, insoluble in ammonia, soluble in potash-
ley, and precipitated therefrom by acids. It is coloured a fine emerald-

green by hydrochloric acid (Frickhinger, Repert. [3] 7, 12).

On an acid resin from the root of Aristolochia ffrandiflora, see Brandes (Ann.
PJiarm. 7, 287) ; on soft resin of Radix Aristolochics antihysterica, see Wittstein

(Repert. 57, 152) ; on resinous yellow of the root of Aristolochia Serpentaria> see

Feneulle (J. Chim. med, 2, 431).

13. AVORNIN Occurs in the bark of Rhamnus Frangula. See xvi,

71, et seq. A hot aqueous extract of the bark is evaporated to a syrup
and mixed with an equal volume of 94 p. c. alcohol ; the flocculeut pre-

cipitate thereby produced is removed ; and the filtrate is mixed with
four times its volume of absolute alcohol, which throws down cathartic

acid (p. 241). The filtrate is mixed with ether, and again filtered to

separate a precipitate ; the solution is evaporated ; the residue treated

with water, which leaves avornin undissolved ; and the product is puri-
fied by dissolving it repeatedly in 50 p. c. alcohol and precipitating with
water. Brown mass, black after drying ; dissolves in ammonia-
water and precipitates metallic salts. Contains 57'08 to 58*38 p. c. C.,

5-35 H., and in the silver-salt 60-81 p. c. AgO. When boiled with

strong hydrochloric acid, it yields 18' 16 p. c. of sugar, together with

yellow flocks which crystallise from ether, after addition of alcohol, in

red flexible needles. The crystals melt at about 268, sublime, dissolve

in oil of vitriol with blood-red colour, and form with ammonia and the
fixed alkalis, purple-red solutions which are precipitated by acids.

These needles, Kubly's avornic acid, contain 64'07 p. c. C., 4'32 H. ;
in

the insoluble lime-salt 12-2 p. c. of lime. Kubly gives the formulge

C16H9 8 for avornin, C 16H7Ag2 8 for avornin- silver, C22H9 8 for

avornic acid, and C22
JLI

8Ca08 for the lime-salt (Kubly, N. Repert.

15, 295).

14. BECUIBIN. Occurs in Becuiba juice, and in the fresh bark of

Myristica Bicuhyba (see xvi, 396). When the sap which flows from
the bark is mixed with water, the filtered extract evaporated, and the

residue exhausted with ether and boiling alcohol in succession, the
alcoholic tincture deposits brick-red granules of becuibin. The same

granules are deposited more abundantly from a hot alcoholic solution of

an aqueous extract of the fresh bark, on cooling. Thej are purified

by washing with cold absolute alcohol and recrystallising from the

boiling liquid. Reddish glistening laminae, inodorous, tasteless, slightly

acid, and combustible. The substance dissolves in boiling water, but
is insoluble in cold water and in caustic potash. It dissolves in

ammonia, and is Drecipitated from the solution by acetic acid. It is
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soluble in hot alcohol and in chloroform, but not in cold alcohol or ether

(Peckolt, &. Br.Arch. 107, 158).

15. Cailcedrin.

E. CAVENTOU. N. J. Pharm. 16, 355 ; Repert. [3] 4, 397. N. J. Pharm.

33, 123; Pharm. Viertelj. 8, 51.

The bitter principle of cailcedra bark, which is obtained from
Swietenia senegalensis.

Preparation. An extract of the bark prepared with hot water is

exhausted with alcohol ; the tincture is precipitated with basic acetate
of lead

; the filtrate is concentrated, freed from lead by hydrosulphuric
acid, and evaporated ;

arid a solution of the residue in a small quantity
of water is shaken with chloroform, which takes up ca'ilcedriu and
leaves it behind on evaporation. The product is purified by precipitat-

ing its alcoholic solution with water.

Properties. Brittle, very bitter yellowish resin. Softens in hot
water. Neutral. Contains 64-9 p. c. C., 7'6 H., and 27-5 0.

Cailcedrin is nearly insoluble in water, but imparts its bitter taste

to the liquid. The somewhat stronger solution in hot water fluoresces

like sulphate of quinine.
It loses its bitterness almost entirely when boiled with lime, and

apparently forms with lime and magnesia compounds which are soluble

in water and alcohol.

The aqueous solution is precipitated only by tannic acid, the white

precipitate dissolving in excess of the precipitant.
Dissolves easily in alcohol, ether, and chloroform.

16. CALENDULIN. Obtained from the leaves and flowers of Calendula

officlnalis. An alcoholic extract of the plant is treated with water and

ether, which leave the calendulin behind. Or an aqueous extract is

exhausted, first with weak spirit, and afterwards with absolute alcohol ;

the wax which deposits from the latter liquid on cooling is separated ;

and the filtrate is evaporated. The calendulin thus obtained is freed

from chlorophyll by ether. Yellowish, transparent, friable mass,
neutral, inodorous, and tasteless, swelling up to a transparent colour-

less jelly in water, without dissolving to any appreciable extent, even
in the boiling liquid. According to Geiger, it yields by dry distillation

an ammoniacal distillate, but, according to Gmelin, this is not the case.

It is insoluble in dilute sulphuric and phosphoric acids, and in fuming
hydrochloric acid. It dissolves in aqueous ammonia and potash, from
which it is precipitated by acids

;
but is insoluble in aqueous carbonate

of potash and lime-water. The alcoholic solution does not precipitate
neutral acetate of lead or corrosive sublimate. Calendulin dissolves

easily in strong acetic acid, and in absolute and slightly hydrated
alcohol. This last solution leaves the calendulin in pellicles when
evaporated, and solidifies to a jelly when mixed with water. Calen-
dulin is insoluble in ether and in volatile and fixed oils, and is not
thrown down from its alcoholic solution by tincture of galls (Geiger,
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Dissert, de Calendula offieinali, Heidelberg, 1818 ; Stoltze, Berl Jahrb.

1820).

17. CALIFORNIN.. The bitter principle of the bark of China califor-

nica (Wiggers, 426). See also Mettenheimer (N. Jahrb. Pharm. 1,

341). The bark is exhausted with ether and then boiled with 80 p. c.

alcohol
;
the decoction is evaporated ; the residue exhausted with water ;

and the solution precipitated with neutral acetate of lead. The filtrate

freed from lead by means of sulphate of soda, is evaporated over the

water-bath ; the residue is exhausted with 90 p. c. alcohol ;
and the

alcoholic solution is decolorised with animal charcoal, precipitated with

ether, and left to stand for 24 hours, whereupon a concentrated solution

of the bitter is found to be deposited. This is washed with ether and
dissolved in water, and the solution is evaporated to dryness. Pure

golden-yellow, amorphous, friable mass, bitter and neutral. It is turned
brownish-red by oil of vitriol. Dissolves in water and alcohol, but
not in ether. Not precipitated by tannic acid, corrosive sublimate, or

bichloride of platinum (Winckler, Repert. 82, 28 ; 89, 345 ; 91, 220).

18. CARAPIN. Obtained from the bark of Carapa guianensis. An
alcoholic extract of the bark is exhausted with water, arid the solution

is boiled with magnesia, whereby it is decolorised, without any
vegetable base being thrown down by the magnesia. The filtrate is

evaporated to a syrup, which is exhausted with alcohol; and the

alcoholic liquid is concentrated and shaken with chloroform, which
takes up carapin. The product is purified by agitating its alcoholic

solution with animal charcoal. Or, an aqueous extract of the bark is

exhausted with alcohol ; the tincture precipitated with basic acetate of

lead
; the filtrate evaporated ;

the residue dissolved in alcohol and
treated with hydrosulphuric acid ; and the solution filtered, digested
with animal charcoal, and evaporated. The residual extract is treated

with chloroform, which takes up carapin. Pale-yellow shining

varnish, bitter and neutral. Combustible. Contains 54'04 p. c. C.,

6-54 II., 38-42 0., and traces of nitrogen. It is carbonised by oil of

vitriol, but is not affected by other acids. Caustic potash-solution

takes up from it a little yellow colouring matter. It is soluble in hot,

but nearly insoluble in cold water, easily soluble in alcohol and chloro-

form, less freely in ether and bisulphide of carbon, and insoluble in oil

of turpentine. The cold-saturated aqueous solution is rendered turbid

by tannic acid (Caventou, Pharm. Viertelj. 10, 422). A carapa bark

different from the above was investigated by Petroz and Robinet

(/. Pharm. 7, 351).

19. CASCARILLA BITTER. Obtained from cascarilla bark by exhaust-

ing the alcoholic extract with water, and evaporating. Dark honey-

yellow, bitter and aromatic. Still contains ash (Trommsdorff, N. Tr. 26,

2, 142). An aqueous infusion of the bark is precipitated with neutral

acetate or lead ;
and the filtrate is freed from lead by hydrosulphuric

acid, concentrated to one-third of its bulk, decolorised with animal char-

coal, and evaporated to a syrup. The crystals which are deposited
after standing for some time are digested with a small quantity of cold

alcohol, which dissolves most of the colouring matter, and the undis-

solved portion is purified by recrystallisation from boiling alcohol with

the help of animal charcoal. White needles or hexagonal tables,
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inodorous, bitter, neutral, and free from nitrogen, When heated, it

melts to a brownish-yellow syrup, and afterwards solidifies in a resinous

mass. It is combustible, and not volatile without decomposition. It

forms with strong- nitric acid a yellow solution, which is precipitated

by ammonia. Oil of vitriol forms with it a dark-red solution, which
is turned grass- green and afterwards decolorised by water, with pro-
duction of a green precipitate. It dissolves in strong hydrochloric
acid with a violet colour, which is turned blue by a little water, and

green by a larger quantity. It is very slightly soluble in water, and
is not precipitated from the solution by lead-salts or by tannic acid.

Dissolves in alcohol and ether (Dtival, N. J. Pharm. 8, 95).

20. CHENOPODIN. Occurs in Chenopodiam album, more abundantly
in young than in mature plants. 1. The sap of the flowering plant is

freed from albumin and chlorophyll by boiling, and evaporated ; the

residue is exhausted with alcohol ; the tincture evaporated ;
and the

remaining extract treated with absolute alcohol. This solution, on

spontaneous evaporation, deposits cheriopodin, which is to be washed
with absolute alcohol and ether. 2. On submitting the sap to dialysis
in a Graham's dialyser, the walls of the vessel become covered with a

viscid layer, which contains chenopodin. The deposit is dried and
exhausted with alcohol ; the tincture is evaporated ; the residue boiled

with water; and the decoction evaporated to a syrup, whereupon
granules are deposited, which may be obtained in a purer state by
digesting them in absolute alcohol, boiling, filtering, and setting aside

the solution. Yellowish-white, nearly inodorous granules, having a

faint taste. Neutral. Under a magnifying power of 65 diameters it

appears to consist of globules with rough surfaces, each of which
exhibits in polarised light a black cross resembling that of calc-spar.
The cross disappears on moistening with absolute alcohol, but reappears
in a quarter of an hour. When heated in a glass tube, it swells up,

gives off water, an odour of burnt horn, a white vapour, and a subli-

mate of unchanged chenopodin. Tincture of iodine produces in it a

yellowish turbidity. It is not affected by acids or alkalis. It dis-

solves to a slight extent in water ; more freely in weak spirit ; and
with difficulty in absolute alcohol and wood-spirit (Reinsch, N. Jahrb.

Pharm. 20, 268; 21, 132; 23, 73).
- Concerning a similar body, Car-

violin, obtained from cauliflower, see Reinsch (JN. Jahrb. Pharm. 26,

196).
From further experiments by Reinsch (N. Jahrb. Pharm. 27, 193 ;

28, 66, Chem. Centr. 1868, 32 ; Jahresb. 1867, 531) chenopodin, or rather

chenopodine, appears to be an organic base having the composition
C 12NH13 8

,
and to be likewise formed in the putrefaction of yeast and

of plant-juices. It sublimes at about 160 280, melting at the same
time and emitting a repulsive odour. It dissolves in 3 or 4 pts. of

hot and in about 11 pts. of cold water, in 77 pts. of boiling and 200 pts.
of cold alcohol. The alcoholic solution mixed with bromine deposits a
red powder, and the supernatant solution contains a salt which crys-
tallises in cubes. The hydrochlorate also crystallises in cubes ; the

sulphate and nitrate in rhombic needles. The concentrated hydrochloric
acid solution is precipitated by platinic chloride.

21. CHIMAPHILIN. Occurs in Pyrola umbellata. An extract of the

plant prepared with weak spirit is shaken with chloroform ; the upper
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layer of liquid is decanted and the lower is left to evaporate spon-
taneously. The crystals thereby formed are recrystallised from alcohol.

On distilling the plant with water, the chimaphilin passes over and
solidifies in the neck of the retort. Golden-yellow needles, sometimes
1-i- inch long', without odour or taste. Fusible and susceptible of sub-
limation. Carbonised by oil of vitriol, but not affected by concentrated
nitric or hydrochloric acid. Nearly insoluble in water. Not precipi-
tated from alcoholic solution by corrosive sublimate or tannic acid.

Soluble in alcohol, ether, chloroform, and in volatile and fixed oils

(Fairbaiik, Pharm. Viertelj. 9, 582).

22. BITTER PRINCIPLE OF CHINA BICOLOR. The bark is first treated
with ether, and afterwards exhausted with alcohol

; the tincture is

evaporated ;
and the residue treated with water, which leaves resin tin-

dissolved. The aqueous solution is mixed with a little phosphoric
acid, digested with animal charcoal, filtered and evaporated ; and the

product is purified by solution in absolute alcohol and in water.

Pale-yellow, very bitter. It is carbonised by oil of vitriol, and yields
traces of oxalic acid by the action of strong nitric acid. The aqueous
solution is not affected by acids and alkalis, and does not precipitate
metallic salts, with the exception of basic acetate of lead (Pelletier
& Petroz, J. Pharm. 11, 453). Vauquelin (J. Pharm. 11, 456) obtained

precipitates also with tartar-emetic, ferrous sulphate, terchloride of

gold, and infusion of galls.

23. CORNIN or CORNIC ACID. The bitter principle of the root-
bark of Cornus florida. Discovered by Geiger. Carpenter's alkaline

cornine (Mag. Pharm. 15,146), which Tromsdorff was unable to find (Br. Arch. 25,

59), is, according to G-eiger, a mixture of lime-salts and the bitter principle.
The bark of the root is exhausted with cold water ; the infusion is

shaken with freshly precipitated hydrate of lead ; and the filtrate is

evaporated to an extract, which is exhausted, first with a mixture of

alcohol and ether, and then with absolute alcohol. The extract left by
the evaporation of the ether-alcohol solution, when dissolved in

absolute alcohol, mixed with ether till turbidity is produced, filtered,
and evaporated, yields crystalline scales of cornin.

Stellate groups of delicate, satiny, white needles, having a very
bitter taste. When heated, it melts easily, blackens, emits white non-
ammoniacal vapours, and burns with luminous flame, leaving charcoal.

On fusing it with hydrate of potash, a little ammonia seems to be

produced.
Cornin dissolves very easily in water. The aqueous solution is

rendered darker by alkalis without being precipitated, and is not
affected by tincture of iodine, chloride of barium, neutral acetate of

lead, ferric chloride, corrosive sublimate, or tincture of galls. It gives
a granular precipitate with basic acetate of lead, and partly loses its

bitterness when treated with hydrate of lead. Nitrate of silver pro-
duces a white crystalline precipitate, which is not affected by exposure
to light for 24 hours, nor by heating, and dissolves completely in nitric

acid after addition of water only.
Cornin dissolves easily in alcohol and with difficulty in ether, in

which the impure substance is insoluble (Geiger, Ann. Pharm. 14, 206).
See, also, Cockburn (Ann. J. Pharm. 7, 109), and Maisch Chem.

4, 198 ; Kopp's Jahresber. 1861, 766).
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Resin from Cornus florida. The bark, previously treated with

water, is exhausted with alcohol ; the tincture is freed from tannic

acid by agitation with hydrate of lead; and the filtrate is concentrated,

whereupon a yellowish-white granular powder is deposited. This,

after washing with water, crystallises from alcoholic solution, by
spontaneous evaporation, in shining laminae, and from ethereal solution

in granules. Inodorous and tasteless. Neutral.

The resin melts when heated, evolves white clouds having an

empyreumatic resin-like odour, and afterwards burns with luminous

smoky flame. It becomes slightly coloured in cold nitric acid, and

dissolves completely in the hot acid, emitting a small quantity of red

fumes : the solution deposits a white powder on cooling, and when
mixed with water, throws down bulky white flocks of the appa-

rently unaltered substance. Oil of vitriol dissolves it, forming a

yellowish-red solution, which turns black on the addition of a little

water, and is decolorised by more water, with precipitation of white

flocks. When heated with solid hydrate of potash, it is carbonised,
without evolving ammonia.

It dissolves to a very slight extent in boiling water, but not in

hydrochloric acid, or boiling strong potash-ley. The alcoholic solu-

tion is not precipitated by metallic salts. It dissolves in cold, and
more freely in hot, strong acetic acid, from which it is precipitated by
water ;

with difficulty in cold, more easily in hot alcohol ; and very
easily in ether (Geiger).

24. CRAT^EGIN. Occurs in the fresh bark of the young twigs of

Cratcegm oxyacantha. An aqueous decoction of the bark is treated

with hydrate of lime
; the filtrate is reduced to a syrup and mixed with

alcohol, to throw down gum and salts
;
and the filtrate is evaporated to

crystallisation. Very bitter, greyish warts. Neutral. Burns with
emission of &n aromatic odour. Easily soluble in water, less easily in

alcohol of 38, and insoluble in ether, which precipitates it from the
alcoholic solution. It does not combine with acids or alkalis. When
a decoction of the bark is precipitated w?ith basic acetate of lead,
the filtrate freed from lead and evaporated, and the residual brown
extract purified by dissolving it in water and precipitating with alcohol,

long white needles are obtained, having a faintly bitter taste, soluble
in water and alcohol, but not in ether, and differing from cratsegin

(Leroy, J. Chim. med. 17, 3 ; N. Br. Arch. 28, 209). Probably man-
nitef(Kr).

25. CREPIN. From Crepis fcetida. A tincture of the dried flower-

ing plant is precipitated with basic acetate of lead and filtered, and the
filtrate is freed from excess of lead by hydrosulphuric acid and eva-

porated. The brown, very bitter residue is treated with ether, which
takes up crepin, and leaves it in crystals on evaporation (Walz, N.
Jahrb. Pharm. 13, 176).

Crotonin. Concerning the crotonin of Brandes, see Handluch, yiii, 23.

26. CUSPAKIN or ANGUSTURA BITTER. Occurs in true Angustura
bark. A tincture, prepared with 1 part of the bark and 3 parts of cold
alcohol of sp. gr. 0-795, deposits, when slowly evaporated, crystalline
nodules, which are to be washed with a little water and alcohol, shaken
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with hydrate of lead, and freed from fat and colouring matter by ether.

-Four-sided needles, arranged in tufts. Neutral. Melts at 45,
gives off 23' 1 p. c. of water at a higher temperature, and decomposes
at 133. Very bitter and somewhat biting, not poisonous ; free from

nitrogen. It is turned greenish-yellow by cold nitric acid, and brown-
red by oil of vitriol, but is not coloured by iodic and hydrochloric acids.

100 parts of water at 15 dissolve 0-545 parts, at 60 0-717 parts, and
at 100, 1 %104 parts of cusparin. It dissolves easily in acids, and
without decomposition in alkalis. Its solutions do not precipitate me-
tallic salts ; they are coloured purple-red by mercurous nitrate, and yield
an abundant precipitate with tincture of galls. It is soluble in alcohol,
but not in ether or volatile oils (Saladin, J. Chim. me'd. 9, 388).

27. DIGITALIN (xvi, 330).

^f
Nativelle (J. Pharm. [5], 9, 255) prepares crystallised digitalin by

mixing 100 pts. of coarse digitalis powder with a solution of 25 pts.
neutral lead acetate in 100 pts. water, and exhausting with water after

12 hours. The residue is treated with alcohol of 50 p. c., till the solu-

tions become tasteless ; the extract is mixed with a solution of 4 pts.
lead acetate ; the liquid is filtered ;

the decolorised solution is mixed with
2 pts. phosphate of soda, and again filtered ;

and the alcohol is distilled

from the filtrate in the water-bath. The residue of the distillation

contains small suspended crystals, surrounded by a yellow, very bitter

substance. The whole is evaporated on the water-bath to about 10 pts. ;

the liquid is filtered off ; the residue, after washing with cold water
and pressing between paper, is dissolved in twice its weight of warm
alcohol of 60 p. c. ;

and the solution is left to stand in a cold place. It

then deposits, first crystals of an inactive substance, and after some

days, radiate yellow crystals of digitalin. These are recrystallised
from alcohol of 80 p. c., with addition of animal charcoal, and the
dried and pulverised crystals are briskly shaken with 20 pts. of pure
chloroform, which dissolves only the digitalin, leaving the foreign
inactive substance behind. After the removal of the chloroform by
distillation, there remains coloured digitalin, which may be purified by
repeated crystallisation from alcohol, and boiling with animal charcoal.

Crystallised digitalin is neutral, inodorous, and has a very persistent,
bitter taste. It is free from nitrogen.

Nativelle.

500 300 61-73 51'33
40 H 40 6-89 685
30 240 41-38 41-82

C^EW .... 580 100-00 100-00

It dissolves in all proportions of chloroform, in about 12 pts. of
alcohol of 90 p. c. at ordinary temperatures, more easily at the boiling
heat, less easily in absolute alcohol, and scarcely at all in alcohol con-

taining ether. Sulphuric acid dissolves it with green colour, changed
to currant-red by bromine-vapour, but recovering its green tint on addi-
tion of water. ^iVith hydrochloric acid it forms a green solution, from
which water precipitates a resin (Nativelle).

On crystallised digitalin see also Lefort (J. Pharm. [5], 6, 424), who attributes
the variations in the properties and physiological action of digitalin to the existence
of two modifications, namely, the so-called Q-erman, or soluble digitalin, obtained
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from the seeds, and the insoluble from the leaves of the fox- glove, in which it exists

in predominating quantity, together with a small quantity of the soluble variety.

The insoluble substance, mixed at first with the crystallised digitalin,
is easily obtained pure byrecrystallisation from alcohol. It then forms

splendid colourless needles, perfectly tasteless, neutral, and free from
nitrogen ; less soluble in alcohol than digitalin ; nearly insoluble in ether,
chloroform, and water. Sulphuric acid dissolves it with currant-red

colour, changing to yellow on addition of colour. Nitric acid dissolves
it without colour ; hydrochloric acid partially (Nativelle). "fl"

28. Erythrocentaurin.

MEHU. N. J. Pharm. [4], 3, 265 ; abstr. Pharm. Viertelj. 12, 557 ;

Krit. Zeitschr. 9, 336.

Occurs in Erythrcea Centaurium.

Preparation. An aqueous extract of the flowering plant is exhausted
with alcohol ; the tincture is evaporated ; and the residue is shaken

repeatedly with ether. The yellowish-brown liquid which remains on

distilling off the ether yields crystals by spontaneous evaporation,
which are purified by pressing- and recrystallising from boiling water,
with the help of animal charcoal and carbonate of baryta. The product
can be obtained colourless only by digesting an ethereal solution with
20 parts of animal charcoal for 14 days and evaporating. The dry
plant yields 3-^0 o^n ^ erythrocentaurin.

Properties. Large crystals, without odour or taste. Neutral;

optically inactive. Melts at 136, and solidifies in a crystalline mass
on cooling.

On exposure to direct sunshine, the colourless crystals quickly
acquire a rose tint, changing to brilliant red, without alteration of

weight. Solutions of the substance in ether or chloroform, when eva-

porated in sunlight, likewise deposit crystals coloured red internally.
This change is produced only by the most highly refrangible rays of

the spectrum ;
it is prevented when the light is made to pass through

yellow or green glass, through chlorine gas, through nitrate of nickel,
or through solutions of sesculin or sulphate of quinine. Bromine and
iodine vapours, nitrate of uranium, and ammoniacal solution of nitrate

of copper, on the other hand, do not absorb the colouring rays, which
are stopped, however, by solutions of bromine or iodine in bisulphide
of carbon, benzene, or alcohol. The red crystals become perfectly
colourless at 130, and melt like the colourless crystals at 136 ; they
also yield perfectly colourless solutions, from which colourless erythro-

centaurin crystallises in the dark. Coloration and decoloration take

place not only in air, but also when the air is displaced by hydrosul-
phuric acid, sulphurous acid, carbonic acid, and other gases.
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then again filtered and precipitated with the neutral acetate. The
latter precipitate is washed, and boiled with alcohol of sp. gr. 0*86; and
the hot solution is freed from lead by hydrosulphuric acid, and evapo-
rated to dryness. The residue is purified by dissolving it in boiling

1

water and in absolute alcohol. Amorphous, brown mass, neutral,

inodorous, very bitter and acrid. Combustible. AYhen boiled with

dilute acids it yields no sug*ar. Its solution in hydrochloric acid, which
is colourless at first, turns green on standing, and changes to rose-red

when boiled, with deposition of green flocks. It dissolves in warm
water

; easily in ammonia, from which it is precipitated by acids ;
and

with difficulty in caustic potash. The aqueous solution is precipitated

by many metallic salts, and by bichloride of platinum and tannic acid.

It is easily soluble in absolute alcohol, but insoluble in ether and in

chloroform. The seeds contain, besides feuillin, a base, crystallising
in colourless tables, which may be obtained from the filtrate of the

lead precipitates. This body has an alkaline reaction, volatilises when
heated on platinum foil, and gives a pale-yellow precipitate with bichlo-

ride of platinum (Peckolt, N. Br. Arch. 109, 219).

31. FICARIN. Occurs in the roots, in the tubers, and in traces in the

leaves, of Ficaria ranunculo'ides. It is taken up from the aqueous
extract by alcohol, and from the alcoholic extract by water. Closely
resembles saponin. It is not coloured by ferric nitrate (St. Martin,

Repert. Chim. appl. 1, 425 ; Kopp's Jahresber. 1859, 564).

32. BITTER FROM THE BARK OF GALIP^A OFFICINALIS. A decoction

of the bark is precipitated with basic acetate of lead, filtered, freed

from lead by hydrosulphuric acid, boiled with animal charcoal, and

evaporated to an extract. This is dissolved in alcohol, the solution

evaporated, the residue dissolved in water, and the solution again
treated with animal charcoal and evaporated. Red-brown, amor-

phous, deliquescent, very bitter mass, easily soluble in water. Forms red

solutions with hydrochloric and nitric acids, and a violet-red solution

with oil of vitriol. Not precipitated by metallic salts or by tannic

acid, and does not neutralise acids. Dissolves in alcohol, but not in

ether (Husband, J. Chim. med. 10, 334).

33. GrAULTHERiN. Obtained from the bark of Betula lenta, which
when distilled with water yields oil of gaultheria (xii, 255), or a very
similar oil, but does not contain it already formed. An alcoholic

extract of the bark is dissolved in water and digested with hydrate of

lead ; the filtrate is evaporated to dryness ; the residue treated with

alcohol ; and the solution again evaporated. The residual amorphous
gummy mass yields by dry distillation empyreumatic products and oil

of gaultheria. The same oil is obtained by distilling the mass with
dilute hydrochloric or sulphuric acid. Fuming nitric acid produces
yellow crystals precipitable by water. On boiling gaultherin with dilute

nitric acid, yellow needles soluble in alcohol distil over. On boiling it

with baryta-water, removing the baryta, neutralising with carbonate
of lead, decomposing the soluble lead-salt thereby produced with

hydrosulphuric acid, and evaporating, crystals of Procter's gaultheric
acid are obtained, which dissolve easily in alcohol, and with difficulty
in ether. They form amorphous salts, and yield gaultheria oil when
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distilled with dilute sulphuric acid (Procter, P/iarm. Centr. 1844, 473;
Berzel. Jahresber. 25, 613).

34. GERANIIN. Occurs in the roots of various species of Geranium.
An alcoholic tincture of the roots is freed from taimic acid by lime and

evaporated, and the residue is treated with water. The yellow bitter

extract taken up by the water is geraniin, insoluble in absolute alcohol
and ether (Muller, N. Br. Arch. 22, 29).

35. GEUM BITTER. From Radix Gei urbani. The powdered root is

mixed with one-third of its weight of hydrate of lime, and exhausted
with 40 p. c. alcohol; the alcohol is distilled off; the residue is eva-

porated to dryness, and again exhausted with warm alcohol of sp. gr.
0*833 ; the tincture is evaporated to dryness ;

and the residue dissolved
in water. This solution is freed from lime by means of oxalic acid,
neutralised with carbonate of lead, filtered, and evaporated ; and the

residue is dissolved in alcohol, treated
a
with hydrosulphuric acid, and

evaporated to dryness, without filtering from the sulphide of lead.

From the residue thus left the geum bitter is taken up by alcohol.

Amorphous honey-yellow extract, neutral and free from nitrogen. It

is reddened by oil of vitriol, and converted into a yellow colouring
matter by warm nitric acid. It dissolves with difficulty in water, and
combines with potash, lime, and lead-oxide, to form compounds which
are soluble in alcohol and in water, and are precipitated by acids. The

lime-compound with excess of the bitter, gelatinises on cooling its

solution in warm alcohol. The bitter dissolves easily in alcohol and
ether (Buchner, Repert. 85, 184; Berzel. Jahresber. 25, 718).

36. GRANATIN. Obtained from the husks of unripe pomegranates.
An alcoholic extract of the husks is freed from tannic acid and ex-

hausted with dilute sulphuric acid, and the solution is precipitated with
an alkali. An alcoholic solution of this precipitate yields crystals which
burn when heated, emitting a bread-like odour, dissolve in dilute

acids, and assume a blood-red colour in nitric acid (Landerer, Repert.

68, 363).
To this place belongs probably Latour de Trie's sparingly soluble

resin of the bark of pomegranate root
[Iris granatin is identical with mannite

(xv, 356)], which is deposited from ethereal extracts of the bark on

distilling off the ether, and is also precipitated from alcoholic extracts

by water. It is a tasteless, yellowish-white, combustible powder,
blackened by nitric acid, afterwards assuming a fine blood-red colour,
and yielding oxalic acid when heated. Gives a yellow solution with
oil of vitriol, is insoluble in water, sparingly soluble in ammonia,
but freely soluble in alkalis, forming purple-red solutions which are

precipitated by acids. Dissolves to a slight extent in ether and
cold alcohol, and more freely in hot alcohol (Latour de Trie, J. Pharm.

17, 509).
Landerer (Repert. 61, 92) obtained from the bark of the wild

pomegranate tree, crystals apparently different from granatin. They
were obtained from an alcoholic tincture of the aqueous extract of the

bark. White, silky, stellate groups of needles, having a pungent,

peppery taste, and partially susceptible of sublimation ;
the sublimate,

however, tastes sickly and sweetish. The crystals dissolve in 200

parts of water, in nitric acid with greenish-yellow colour, and in

aqueous ammonia and alkalis (Landerer). Righini's punicin is ob-

Q 2



228 SECOND APPENDIX: BITTER PRINCIPLES.

tained from the same bark. On warming
1 an alcoholic extract of the

bark with potash- ley, and then dropping in sulphuric acid, an oleo-

resinous mass is deposited, which solidifies at 7. It is yellowish-

white, smells like veratrin, and has a pungent taste. Burns like a

resin, emitting pungent vapours. Dissolves in acids, and is precipi-
tated therefrom by ammonia (!) (Righini, N. J Pharm. 5, 298 ; J. Chim.

med. 20, 132).

37. GREENHARTIN. Obtained by de Vrij from the greenheart wood
of Surinam in the same way as bebirine (xvii, 170) is obtained from the

wood of the bebeeru tree. According to Stein it is probably identical

with taigutic acid(xvi, 521).
It crystallises from water in oblique prisms, and from alcohol in

coherent shining golden crystals, resembling iodide of lead. It is

easily fusible, and solidifies in a crystalline state on cooling ;
sublimes

partly in crystals. Tasteless in itself
;
bitter in alcoholic solution ;

contains, on the average, 74-64 p. c. 0., and 5'32 H., corresponding to

the formula C^H2^12

(by calc, 74-6 p.c. C., 5*3 H.).
Greenhartin dissolves in warm nitric acid with brown colour, with-

out liberating nitrous fumes. From a solution in boiling nitric acid

water throws down yellow crystalline granules, which form chloro-

picrin with chloride of lime. Chloride of lime decolorises the alcoholic

solution. Bromine evolves hydrobromic acid and forms an orange-
coloured mass. On adding to the substance a saturated solution of

bromine-water so long as the colour is destroyed, a bromine-compound
is formed which is decomposible at 100, nearly insoluble in water,

easily soluble in alcohol with brown-red colour, easily also in soda-ley.
After drying in a vacuum, it contains 42-61 p. c. C., 3-70 H., and 37-46

Br., corresponding to the formula CwH23Br0 12 + 6HO. Greenhartin

boiled for 8 hours with baryta-water, evolves an aromatic odour, and

yields formic acid and a distillate, which reduces nitrate of silver ; but

only a part of the greenhartin is decomposed.
Greenhartin is insoluble in cold water. The brownish-red solution

obtained by prolonged boiling with water, deposits crystals after stand-

ing for some days, but it still remains coloured. It dissolves in oil

of vitriol with yellowish-red colour. Ammonia, caustic alkalis, and

baryta-water colour the crystals and the alcoholic solution dark-red,
and form hair-like crystals. Acetate of alumina colours the solutions

purple ; neutral and basic acetates of lead and acetate of copper act in

a similar manner, but at the same time throw down precipitates.
Greenhartin does not reduce alkaline solutions of cupric oxide, even
after boiling with acids. It colours ferric chloride blood-red.

Dissolves in bisulphide of carbon, chloroform, alcohol, and ether,

forming solutions which are golden-yellow in the cold, and brown-red
in the boiling liquids (Stein, J. pr. Chem. 99. 1).

38. GUACIN. Occurs in the leaves of Micania Guaco. The leaves

are exhausted with ether ;
the tincture is distilled ;

and the dry residue

is boiled with water so long as it communicates thereto a bitter taste.

The aqueous liquid is evaporated, and the remaining extract is dis-

solved in absolute alcohol and again evaporated. Pale- brown, friable

mass, inodorous, bitter, and not alkaline. Melts at 100. Dissolves to

a slight extent in cold water, and is deposited from its solution in boil-

ing water on cooling. Dissolves in alcohol and ether (Faure, J. Pharm.
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22, 291). M. Pettenkofer (Repert. 86, 311) exhausts the leaves with

alcohol, decolorises the tincture with animal charcoal, which does not
remove the bitter taste, distils, dissolves the residue in ether, and

evaporates the solution. The pale-brown brittle resinous guacin is

partially soluble in water. In the moist state, or when treated with
dilute sulphuric acid, it emits the stupefying odour of the fresh leaves.

Doses of 1 grain produce vomiting.

39. HOP-BITTER. Prepared pure and investigated by Lermer.

Payen & Chevailier (J. Pharm. 8, 216 ; J. Chim. mecL 2, 533) distin-

guish a bitter principle (Lupulite), and a resin of hops. The latter,

according to Vlaanderen (Scheikund. Verhandel. en Onderzoek II, Deel 1,

Stuck. Onderz. 87 ; abstr. Kopp's Jahresber. 1858, 448), is dark-brown
and inodorous, and has the composition represented by the formula
C 64!!3^ 11

. According to Wagner and Fliickiger {Pharm. Viertelj. 14,

7) hops contain quercitrin (xvi, 496), which is denied by Lermer. On
an acrid soft resin from the shoots of the hop, see Leroy (/. Chim. med.

16, 3).

Preparation. Fifteen pounds of hops are exhausted with sixty-

pounds of ether ; the ether is distilled off ;
and the blackish-green soft

residue is treated with cold alcohol, which leaves wax uudissolved.

The liquid is filtered and evaporated, and the residue again dissolved in

ether. The ethereal solution, shaken repeatedly with strong potash-

ley, so long as it imparts thereto a yellow colour, gives up resins, a

portion of the bitter, and other substances. The supernatant brown
ethereal layer contains a compound of hop- bitter with potash, which
is dissolved out by agitation with water. The aqueous solution is pre-

cipitated with cupric sulphate ; the precipitate is collected (together
with more of the same compound which crystallises from the nitrate

on spontaneous evaporation), carefully washed with not too large a

quantity of ether, dissolved in more ether, and decomposed with hydro-

sulphuric acid. The solution, filtered from sulphide of copper, is

evaporated in a current of carbonic acid to a syrup, which on standing
for 24 hours or longer, solidifies to a brown mass of crystals. This

must be freed from the mother-liquor by triturating it with nitro-

benzene, and placing it on dry plates of plaster of Paris, as other liquids
dissolve both the mother-liquor and the crystals (Lermer).

Lermer noticed also the following bodies : a. Fine white needles,

melting above 110, contained in the potash-ley with which the

ethereal solution is shaken in the above process. They are obtained

therefrom by adding sulphuric acid till turbidity is produced, precipi-

tating with cupric sulphate, decomposing the dirty-yellow precipitate
with hydrosulphuric acid, dissolving in ether, and recrystallising from

the same liquid. b. Reed-like microscopic crystals, which sublime

with partial decomposition when heated, and probably contain nitrogen.

They remain dissolved in the ether after the separation of the potash-

compound of hop-bitter by water (see above), and are deposited, on

evaporation, in the form of a grey soft mass which crystallises from

ether.

Properties. Brittle, highly lustrous, rhombic prisms, having an acid

reaction. Tasteless in itself, but intensely bitter in alcoholic solution.

When kept (in the air ?) it turns yellow, soft, and uncrystallisable.
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Hop-bitter is insoluble in water. Its copper compound (see above)
is a deep blue precipitate, which is paler after drying, and is also

obtained in crystals soluble in a large quantity of ether; contains,

on the average, 60-79 p.c. C., 7'29 H., 19-22 0., and 12-70 CuO., cor-

responding to the formula C 32II25 7

,CuO (calc. 61-4 p. c. C., 7-99 H.,

12-7 CuO).
The bitter dissolves very easily in bisulphide of carbon, alcohol,

ether, chloroform, benzol, and oil of turpentine. (Lermer, Dingl. 169, 54;
Pharm. Viertelj. 12, 504 ; Kopp's Jahresber. 1863, 598.)

40. POISONOUS SUBSTANCE FROM THE HUSKS OF HY^ENANCHE GLOBOSA,
a South African plant of the euphorbiaceous order. An aqueous decoction

of the husks is precipitated with neutral acetate of lead
;
the filtrate is

treated with hydrosulphuric acid, again filtered, and evaporated ;
and

a strong aqueous solution of the residue is mixed with alcohol, which
throws down gum and salts of malic acid. The filtrate, mixed with

ether, deposits sugar as syrup, after which the decanted ethereal solu-

tion, when evaporated, leaves the poison in the form of a yellow varnish,
still containing small quantities of acetic acid and volatile oil. Amor-

phous, very bitter; fatal in small doses. Dissolves easily in water

(Henkel, N. Br. Arch. 94, 30).

41. BITTER OF ICELAND Moss. ; An extract of the lichen prepared
with hot alcohol is freed from sugar and salts by treating it with warm
water, and from leaf-green by means of a little alcohol, whereupon the

bitter is left as a pale-yellow, light, very bitter powder. It dissolves

sparingly in cold, more easily in hot water, easily in aqueous carbonates of

the alkalies, forming a green very bitter liquid, which loses its bitter taste

when boiled, the aqueous solution depositing at the same time a brown

powder. Hydrochloric and acetic acids throw down from the alkaline

solution, white flocks soluble in excess of acid. Basic acetate of lead

and mercurous nitrate precipitate the aqueous solution. The bitter

dissolves somewhat more freely in alcohol than in water, forming a

yellowish-green solution (Berzelius, Schiv. 7, 332).

42. KAEMPFERIDE. Obtained from Galanga root. The coarsely
powdered root is exhausted with ether, and the tincture is distilled,

whereupon a brown viscid balsam, interspersed with crystals, is left

behind. The crystals are isolated, though with difficulty, by oft-

repeated treatment of the residue with weak alcohol, strong alcohol,
and ether, in succession. When heated in a water-bath, they yield
an oil, after the removal of which they are to be recrystallised from
alcohol. Yellowish, pearly laminee, neutral, inodorous, tasteless, and not
fusible at 100. Combustible. Oil of vitriol colours the substance yellow,
changing to dark green, after which water throws down a brown resin.

Dissolves in 1,000 pts. of boiling water; in ammonia and caustic

potash with deep yellow colour ; and in carbonate of soda with libera-

tion of carbonic acid, the solution forming a jelly when cold. It is

soluble also in hot acetic acid ;
in 50 pts. of 75 p. c. alcohol ;

in 6 pts. of

boiling ether, and in 25 pts. of ether at 18. Contains, on the average,
64-48 p. c. C., 4-40 H., and 31-12 0. (Brandes, N. Br. Arch. 19 52.)

43. BITTER PRINCIPLE OF COPALCHE BARK. Nauseous bitter ex-
tract, contained in that portion of the alcoholic extract which is soluble
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in water and not precipitable by basic acetate of lead. The aqueous
solution assumes a rose colour with oil of vitriol. It is precipitated by
staimous chloride, ferrous sulphate, and infusion of galls (Mercadieu,
J. Chim. med., 1, 236).

44. BITTER PRINCIPLE OF LATHYRUS ANGUSTIFOLIUS. Obtained by
treating an alcoholic extract of the seeds with ether, dissolving the
residue in 94 p. c. alcohol containing ether, and evaporating.

- Yellowish,
soft, very bitter mass, which, after boiling its aqueous solution with
animal charcoal and evaporating the filtrate, appears of a faint yellow
colour, whilst the charcoal is found to have taken up a brown bitter

substance. Neutral. Burns with a feebly luminous flame. Carbonises
in a platinum spoon, emitting an odour of acetic acid. Its concentrated
solution is coloured brown by oil of vitriol

; a dilute solution is not
affected thereby. It is precipitated by tincture of galls (Reinsch,
Juhrb. pr. Pharm. 18, 37).

45. LINARIN. LINAKACRIN. LiNARESiN. - Obtained from Lin aria

vulgans. When a decoction of the plant is freed from matters pre-

cipitable by basic and neutral acetates of lead and from excess of lead,
and is then mixed with tannic acid, a precipitate is formed which con-
tains the three above-mentioned substances. This precipitate is

decomposed by oxide of lead, and 'its constituents are separated by
treatment with alcohol, ether, and water. Linarin is white, crystal-

line, bitter, soluble in water. Linaracrin is a yellowish-brown, amor-

phous, acrid resin, soluble in ether. Linaresin is yellowish-brown,
friable, slightly acrid, soluble in alcohol, but not in water or ether

(Walz, Jahrb. pr. Pharm. 27, 16).

46. LININ.

PAGENSTECHER. Repert. 72, 311 ; further with corrections, 76, 213,
and 79, 216.

L. A. BUCHNER. Repert. 88, 173.

C. SCHRODER. N. Repert. 10, 11; Chem. Centr. 1861, 124; Kopp's
Jahresber. 1860, 546.

Occurs in Linum catharticum (Handbuch, yii, 29), especially after

flowering.

Preparation. 1. The plant is digested with thin milk of lime; the

bright yellow filtrate is mixed with hydrochloric acid and shaken
with ether; and the ethereal layer is decanted and submitted to distil-

lation, whereupon liuin crystallises from the residue (Schroder).
2. An aqueous extract of the plant is treated with alcohol ; the
tincture is distilled, and the residual liquid is left at rest for some

days ; it then deposits a friable resin containing linin. This is

washed with water, and then with ether or cold alcohol of sp. gr.

0*88, which dissolves the resin and leaves white linin
; crystal-

Usable by spontaneous evaporation of its solution in absolute alcohol

(Pagenstecher). 3. The dried plant is exhausted with absolute

alcohol ; the tinctures are evaporated ; the residue is treated with
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water, and the remaining' undissolved portion with strong acetic acid,

which dissolves linin, leaving resin and chlorophyll behind. The acetic

solution when mixed with water deposits linin, which is washed by
decantation, and may be obtained perfectly white by repeated solution

in warm 20 to 30 p. c. alcohol. Impure linin may also be purified,
either by mixing it with alcoholic neutral acetate of lead and ammonia,

evaporating to dryness, and extracting the linin from the pulverised
residue by ether ;

or by triturating its alcoholic solution to a pulp with
commercial carbonate of soda, and shaking with ether, which takes up
the linin (Pagenstecher). 4. Buchuer frees an aqueous extract of the

plant from albumin by boiling and filtration ; adds to it a sufficient

quantity of hydrochloric or sulphuric acid
;
collects the resulting pre-

cipitate, which consists for the most part of linin ; and purifies as

above.

Properties. Dazzling white silky needles (Schroder). Mostly a white

light powder, or pale-yellow friable grains ; occasionally obtained in

short prisms from an alcoholic or acetic solution. Melts at 110 to

118 (Pagenstecher). In alcoholic solution it tastes intensely and per-

sistently bitter. Heavier than water. Neutral. Free from nitrogen.
Acts as a purgative. Contains 62-92 p. c. C., 4-72 H., and 32-36 0.

(Schroder).
Linin is carbonised when strongly heated, evolving an irritating

odour. Nitric acid forms with it a brown-red solution, and crystals
free from oxalic acid. Oil of vitriol, strong phosphoric acid, and arsenic

acid dissolve it with deep violet colour. Heated to 100 with chloride

of zinc for some hours, it yields a reddish mass, which colours water a

deep cherry-red (Pagenstecher).
Linin dissolves slightly in boiling water. It assumes a yellow

colour in aqueous ammonia and potash-ley, and dissolves therein, form-

ing solutions which are precipitated by acids (Buchner). It dissolves

in chloroform (Schroder) ;
in strong acetic acid, from which it is precipi-

tated by water ; in absolute alcohol in almost all proportions ; sparingly

[easily (Schroder)] in ether, and to a very slight extent in volatile oils.

It is taken up from alcoholic solution by animal charcoal (Pagenstecher).

47. LmioDENDRiN. < Occurs to the extent of 2 or 3 per cent, in

the fresh root-bark of the tulip-tree, collected in winter. The

powdered bark is digested with alcohol at the temperature of 38,
and the tincture thus obtained is concentrated to -^-th its volume and
allowed to cool, whereupon liriodendrin is deposited in yellow drops,
which solidify on cooling. The decanted liquid is evaporated to the

consistence of honey, and mixed with ammonia, which precipitates the

remainder of the liriodendrin. The collected product is washed with

potash-ley so long as it imparts colour thereto, then dissolved in strong
alcohol at 38, mixed with water at the same temperature, and allowed
to cool, whereupon crystals are deposited, of which more may be

obtained by evaporating the mother-liquor at 38.
The hydrated crystals form colourless rectangular needles or prisms,

and also scales resembling boracic acid, having a bitter, not acrid taste.

Neutral. Melts at 82, and sublimes at a somewhat higher tempera-
ture with partial decomposition, dense aromatic fumes being evolved
at the same time, which condense to a transparent varnish, a brittle

brownish resin being left behind. Iodine immediately colours the
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crystals orauge-red; in a cold aqueous solution of liriodendriu it

becomes covered with a dull yellow film. Chlorine, passed into

alcoholic liriodendrin, forms with it a very bitter resin, which is

deposited in transparent granules on evaporating the solution.

Nitric acid dissolves it without coloration or evolution of gas; the

solution shows no signs of decomposition, even when gently evapo-
rated. Liriodendrin dissolves in oil of vitriol, forming a dark-red

solution, from which it is precipitated as a tasteless resin by water.

It is decomposed by hot hydrochloric acid, with separation of a green
substance.

Liriodendrin is nearly insoluble in cold, but much more freely
soluble in boiling water. Its solubility is not increased by dilute acids

or alkalis ; the latter decompose it when heated. It dissolves easily
in alcohol and ether (Emmet, /. Pharm. 17, 400 ;

N. Tr. 24, 2, 274 ;

Br. Arch. 39, 44 ; Repert. 75, 88).

48. LOLIIN. Obtained from the seeds of Lolium temulentum. Bley
(Repert. 48, 169 ; 62, 175) exhausts the seeds with water; evaporates;
exhausts the residue with absolute alcohol; evaporates again; dis-

solves the residue in water ; and, after a third evaporation, dissolves

the residue in alcohol. From this solution ether precipitates the loliin

as a light dirty-white powder. Combustible : soluble in cold, more

freely in hot water, and in hot alcohol. Has a feebly acid reac-

tion. Ludwig & Stahl (N. Br. Arch. 119, 59, where see their mode
of preparation) obtained loliin in the form of a viscid, yellow, bitter-

acrid mass, soluble in water, alcohol, and ether-alcohol, and breaking
up, under the action of dilute acids, into sugar and volatile acids.

49. LUPININ. Obtained from lupine-seeds. Deposited from an

aqueous solution of the alcoholic extract of the seeds after purification
with animal charcoal. Small white, very bitter granules, which turn
moist in the air. It is not affected by dilute acids and alkalis, but is

decomposed by hot nitric acid, with formation of orange-coloured pro-
ducts. It dissolves easily in weak spirit, but not in absolute alcohol

or ether (Cassola, J. Chim. med. 10, 688 ;
Ann. Pharm. 13, 308). Lan-

derer (N. Repert. 1, 446) obtained in this way crystals soluble in alkalis,

and precipitable from the solution by acids.

50. LYCOPIN. From Lycopus europceus. An aqueous extract of

the leaves of the plant is exhausted with alcohol
; the alcoholic liquid is

freed from most of the leaf-green by precipitation with water and

evaporated ;
and the residue is dissolved in ether and water alternately

so long as these liquids leave a residue. Colourless, transparent

amorphous mass, inodorous and very bitter. Softens in water, and runs

together in semi-fluid drops when heated therein. Dissolves in 500 pts.

of boiling water, forming a solution which becomes cloudy on cool-

ing ;
not more freely in dilute acids and alkalis, but easily in warm

glacial acetic acid, from which solution it is precipitable in white flocks

by water. Dissolves very easily in alcohol and ether (Geiger, Repert.

15, 11).
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51. MARRUBIIN.

HARMS. W. Br. Arch. 83, 144 ; 116, 141.

KROMAYER, N. Br. Arch. 108, 257; Chem. Centr. 1862, 58; Kopp's
Jahresber. 1861, 747.

The bitter principle of Marrulium vulgare. Discovered by Mein.

Preparation. The dried plant is treated three times with hot water ;

the infusion is evaporated to a syrup which is treated with alcohol ;

the alcoholic liquid is distilled ;
and the dark-brown residue is shaken

with chloride of sodium and ether, the latter of which takes up the

bitter principle and leaves it on spontaneous evaporation. The pro-
duct is purified by recrystallisation from alcohol, the formation of

crystals being
1 facilitated by adding boiling water to the alcoholic solu-

tion till turbidity is produced, and then leaving it to cool. 25 pounds
of the plant yield 2 grammes of uiarrubiin (Harms). Kromayer
frees the sap of the plant from albumin, and agitates it with animal

charcoal, which takes up the marrubiin. He then boils the charcoal

with alcohol
; removes tannic acid from the solution by mixing it with

water till turbidity is produced, and agitatingwith hydrate of lead
; treats

the filtrate with hydrosulphuric acid; filters; evaporates; and purifies
the product by dissolving it in ether, or by dissolving it in a large

quantity of hot water, mixing the solution with alcohol, and evaporating
slowly ; by this process, however, most of the marrubiim is obtained in

the amorphous state. Crystals are more abundantly obtained by boiling
the expressed herb with water, shaking the decoction with animal

charcoal, boiling the charcoal with alcohol, evaporating the tincture,

treating the residue with ether, and evaporating. Dissolving it in

hot liquids easily renders the marrubiin amorphous, but it crystallises

again from the alcoholic solution on standing (Harms).

Properties. Colourless stellate groups of needles (Harms). Obtained
from alcohol in needles, and from ether in colourless tables resembling
gypsum (Kromayer). Melts at 148 (Harms); at 160 to a colourless

oil, which solidifies in a crystalline mass on cooling (Kromayer). Tastes

very bitter and somewhat harsh. Neutral. Becomes slightly
coloured in the air.

Marrubiin, submitted to dry distillation in a tube, yields oily drops :

heated on platinum foil, it burns, emitting irritating vapours. It

dissolves in oil of vitriol with brownish-yellow colour ; is not affected

by hot strong hydrochloric acid ; and dissolves in nitric acid only when
heated. Not decomposed by aqueous alkalis. Reduces an arnmo-
niacal solution of silver oxide on boiling (Kromayer).

It is nearly insoluble in water, either cold or boiling, but easily soluble

in alcohol and ether. Water throws down oily drops from the alcoholic

solution ; but on adding water to the solution till turbidity is produced
and leaving the mixture at rest, crystals are produced. The solutions

are not precipitated by metallic salts or tannic acid, and are not

coloured by ferric chloride (Kromayer).

52. MATICIN. Obtained from the leaves of the matico plant. An
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aqueous decoction of the plant is precipitated with neutral acetate of

lead; the filtrate is freed from dissolved lead and evaporated to a

syrup, which is dissolved in alcohol ; and the solution is again evapo-
rated. Yellowish-brown very bitter extract, soluble in alcohol and
in water, but not in ether. It is precipitated from its aqueous solution

by potash and ammonia (Hodges, Phil. Mag. 25, 202 ; Handworterb.

5, 141).

53. MUDARIN. From the bark of the root of Calotropis Mudarii,
which acts as an emetic. It is taken up from the alcoholic extract by
water. Pale-brown, amorphous, brittle, inodorous mass, having a

nauseous bitter taste. Dissolves easily in cold water ; the solution

becomes turbid at 23 and is converted at 35 into a jelly, which con-

tracts to a pitchy mass at a higher temperature, and after cooling
redissolves only after prolonged contact with water. Dissolves easily
in alcohol but not in ether, oil of turpentine, or olive oil (Duncan, Phil.

Mag. 10, 465 ;
JJerz. Jahresb. 12, 269).

f 54. MURRAYIN. A glucoside discovered by de Vrij in the flowers of

Murraya exotica, and examined by Ch. Bias (Belg. Acad. Bull. [2], 26,

303; Jahresb. 1868, 770). The petals are boiled with water; the

extract is evaporated ;
and the residue is treated with cold water to

remove sugar and easily soluble bodies, then with absolute alcohol,
which dissolves murrayin together with murrayetin. By precipitating
the alcoholic solution with acetate of lead, removing the dissolved lead

with sulphuretted hydrogen, evaporating, and recrystallising from
absolute alcohol, the murrayin is obtained pure.

White light powder composed of small needles, scentless, but

having a slightly bitter taste ;
exerts no particular action on the

animal organism. Melts at about 170, and yields a crystalline sub-

limate.
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ill nitric acid with yellow colour, without evolving gas ; and is pre-
cipitated from these solutions by water. Dissolves slightly in water,
and easily in alkalis, from which it is precipitated by acids.

<y.
Resin-acid of Narthecium. Extracted from the plant previously

treated with water containing soda, and with alcohol, by again treating
it with alkaline water (!), and precipitating the golden-yellow solution

with acids. Combustible. Decomposed by oil of vitriol and fuming
nitric acid. Insoluble in water

;
soluble in aqueous alkalis with dark-

yellow colour, and precipitated therefrom by neutral acetate of lead ;

soluble also in alcohol, but not in ether.

. Colouring Matter of Narthecium. This body is precipitated by
basic acetate of lead from the extracts of the plant prepared with
alkaline water according to 1, and remains in the extract from which
narthecic acid is taken up by ether. On treating this extract with
water and aqueous alkalis in succession, a residue is left, from an
alcoholic solution of which, water throws down the colouring matter
as a yellowish-red powder. Loose ochre-coloured powder, soluble in

oil of vitriol with greenish-brown colour, and decomposed by nitric

acid, with evolution of gas. Insoluble in water, aqueous alkalis, and

ether, but soluble in alcohol (Walz, N. Jahrb. Pharm. 14, 345 ; N. Br.

Arch. 105, 257; Kopp's Jahresber. 1860, 545).

Concerning the poisonous properties of Narthecium ossifragum, see

Botan. Zeitung, 1866, 351, where Buchenau states, according to a com-
munication from Wohler, that von Uslar has sought in vain for a pecu-
liar principle in narthecium.

57. NIGELLIN. Obtained from the seeds of Nigella sativa. A tinc-

ture of the seeds prepared with 80 p. c. alcohol separates on distillation

into an oily and an aqueous layer, the latter of which is agitated with
ether so long as it gives up fat. After separating the ether, the liquid
is diluted with water, which throws down resin. This is removed ;

the liquid is precipitated with basic acetate of lead ; and the filtrate is

treated with hydrosulphuric acid, again filtered from sulphide of lead, and

evaporated. The residue thus left is exhausted with alcohol, which
leaves nigellm on distillation. It is a yellow mass of the consistence

of turpentine, having an odour of fennel and an intensely bitter taste.

Combustible. Treated with nitric acid, it yields oxalic acid and a

yellow substance resembling picric acid. The aqueous solution ex-

hibits, on addition of ammonia, lime-water, or baryta-water, a fine

green fluorescence, which is destroyed by acids. It precipitates basic

acetate of lead, mercurous nitrate, and corrosive sublimate, but no other
metallic salts (Reinsch, Jahrb. pr. Pharm. 4, 384).

58. PALICOURIN. PALICUREIC ACID. PALICUREA-TANNIC ACID.
Constituents of Palicourea Marcgravii, a Brazilian plant of the rubiace-

ous order. See Pecholt (N.\Br. Arch. 127, 93).

59. PARATODO BITTER. Obtained from the bark by exhausting
with water that portion of the alcoholic extract which is insoluble in

ether, precipitating with neutral acetate of lead, filtering and evapo-
rating, whereupon the bitter is left as a yellowish-brown extract mixed
with acetate of potash. Neutral, deliquescent, easily soluble in alcohol,



238 SECOND APPENDIX: BITTER PRINCIPLES,

insoluble in ether. Precipitated by basic acetate of lead, corrosive sub-

limate, 'nitrate of silver, and tannic acid (Henry, J. Pharm. 9, 410). It

is also precipitated by bichloride of platinum ; and may be separated
from its tannic acid compound in the original state by means of lime

(Winckler, Repert. 92, 42).

GO. PHYCIC ACID. Contained to the amount of 1 p. c., together
with erythroglucin (xii, 385), in Protococcus vulgaris, one of the Algce.
It is deposited from an alcoholic extract of the plant on concentration,
and is purified by washing with ether and recrystallising from hot
alcohol. White opaque needles, of sp.gr. 0'896, without odour or

taste, and permanent in the air. Melts at 136 to a brownish liquid,
which solidifies in the crystalline state. Neutral. Contains, on the

average, 70-22 p. c, C., 3-72 N., 11-76 H., and 14-300. It boils at

250, undergoing decomposition and yielding an oily distillate. Warm
nitric acid decomposes it, producing a light oil and crystals. Insoluble

in water, but soluble in oil of vitriol, from which it is precipitated by
water. Forms with the alkalis, crystalline neutral salts, whose solu-

tions froth like soap and are decomposed by carbonic acid. The white
insoluble silver-salt blackens on exposure to light. The acid dissolves

in alcohol, in ether, and in oils both fixed and volatile (Lamy, N. Ann.
Chim. Phys. 35, 129 ; Ann. Pharm. 84, 369).

61. PLUMBAGIN. Exists in the roots of Plumbago eitropcea. The
roots, in not too woody a state, and preferably the more acrid,

barky portions, are exhausted with warm ether ; the tincture is

evaporated ; the black residue is boiled with water, which takes

up plumbagin and gallic acid, and filtered boiling ; the plumbagin,
which is deposited on cooling, is collected

;
the supernatant water

is again boiled with the black residue ; and this process is repeated
so long as plumbagin is deposited on cooling. The product is puri-
fied by recrystallisation from ether or ether-alcohol. Very delicate,

fragile, pomegranate or lemon-yellow tufts of needles, which melt at

a gentle heat and solidify in radiated crystals on cooling. When it is

heated, a portion sublimes unaltered, whilst another portion is decom-

posed, with depofdtlon of carbon. It dissolves very slightly in cold,
more freely in hot, water, forming- lemon-yellow or pomegranate-
yellow solutions. With cold oil of vitriol, it forms a pomegranate-
yellow solution, which is precipitated by water : larger quantities of

sulphuric acid also increase the solvent power of water for plumbagin.
Aqueous ammonia and potash dissolve plumbagin freely ; and when
added in small quantities to the aqueous solution, colour it a cherry-
red, which changes to yellow again on addition of acids. Basic
acetate of lead throws down from aqueous plumbagin a carmine-red

precipitate, the liquid remaining red. Cupric sulphate colours the solu-

tion reddish; very dilute ferric chloride a dirty red. The aqueous
solution is not affected by tartar emetic, nitrate of lead, neutral acetate

of lead, mercurous nitrate, or tincture of galls. Plumbagin dissolves

easily in cold and hot alcohol, and is thrown down therefrom in thick

yellow flocks by water. It is freely soluble in cold and warm ether

(./. Dulong, 14, 411).

62. QUERCIN. Contained in oak-bark. To be distinguished from

quercite (xv, 215). A decoction of the bark in water containing sul-
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pluiric acid is precipitated with milk of lime and filtered ;
the filtrate

is precipitated with carbonate of potash and evaporated to an extract,
which is exhausted with alcohol

; and the alcoholic liquid is evapo-
rated to crystallisation. Or the bark is boiled with milk of lime; the
decoction precipitated with carbonate of potash ;

and the filtrate de-

colorised with animal charcoal, evaporated, and left to crystallise.
Small white, very bitter crystals, inodorous and neutral. It assumes
an orange-yellow, afterwards brown colour, in oil of vitriol, and is

decomposed by hot nitric acid, with separation of yellow flocks. Dis-

solves in 13-7 parts of water at 19, and more freely in boiling water,

forming a solution which is not precipitated by metallic salts, gelatin,
or tanuic acid. Dissolves in hydrochloric and acetic acids, crystallising
therefrom on evaporation ; and in dilute potash-ley and lime-water,
from which it is partially precipitated by more potash or lime. Less

freely soluble in spirit than in water ; insoluble in absolute alcohol,

ether, and oil of turpentine (Gerber, N. Br. Arch. 34, 167; Berz.

Jahresber. 24, 536).

1" 63. RHINANTHIN. A colourless crystallisable glucoside, which
occurs in the seed of Ehinanthus buccalis, Wallroth, A lectorolophus
hirsutus^ Reichenbach, and is the cause of the violet-colour of bread
made with rye-flour contaminated with these seeds. It is neutral, free

from nitrogen, has a bitter-sweet taste, dissolves easily in water and
in alcohol, is not precipitated by basic acetate of lead. Its alcoholic

solution heated with sulphuric or hydrochloric acid, assumes a blue-

green colour. The aqueous solution boiled with sulphuric acid deposits

blue-green flocks, while sugar remains dissolved. Nitric acid quickly
colours the solution of rhinanthin deep brown (H. Ludwig, Arch. Pharm.

[2], 136, 64). f

64. SAMADERIN. Obtained from the bark and fruit of Samadera

indica, a Java plant of the order Simarubacece. Obtained from an

aqueous extract of the plant by treating it with a small quantity of

alcohol, which leaves samaderin undissolved ; purified by dissolving it

in water and decolorising the solution with animal charcoal. White

feathery laminae, having a persistent, intensely bitter taste. Neutral.

When heated, it melts, evolves bitter acrid fumes, and burns, leaving
charcoal. It is coloured yellow by nitric and hydrochloric acids, and
a transient violet-red by oil of vitriol, the solution then depositing

feathery crystals. Dissolves in water, forming a solution which is not

precipitated by metallic salts, tincture of iodine, or chromate of potash.
Less freely soluble in alcohol than in water (N. Br. Arch. 96, 265 ;

Chem. Centr. 1859, 92).

65. SCROPHULAEIN. Obtained from Scrophularia nodosa and
S. aquatica. When an aqueous decoction of the plant is precipitated
with neutral and basic acetate of lead in succession, freed from excess

of lead, and then precipitated with tannic acid, this last precipitate
contains the bitter principle. The precipitate is treated with alcohol,
the alcoholic liquid digested with oxide of lead, filtered, treated with
animal charcoal, and evaporated to crystallisation. Bitter, slowly
soluble in water, precipitable in white flocks by tannic acid (Walz,

Jahrb.pr. Pharm. 26, 296; 27, 12).
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66. BITTER OF SENNA-LEAVES. From these leaves, colouring- matters,

resin, a bitter principle, and an acid have been obtained
; mixtures of

these substances have also been described as peculiar bodies.

a. The colouring matter of Senna-leaves and husks, distinguished by
Feneulle as senna-yellow, and by Bley & Diesel as yellow resin or

chrysoretin, is, according to Martius, chrysophanic acid (xvi, 171),
which view is supported by Batka. When the leaves are treated

with potash-ley, the filtrate precipitated with hydrochloric acid, and
the precipitate washed, dried, and exhausted with chloroform, crystals
of chrysophanic acid are obtained on evaporation (Batka, Chem. Centr.

1864, 623).

b. Resins of Senna-leaves have been obtained by Heerlein (Repert.

79, 219); Buchner (Eepert. 88, 181) ; also by Bley & Diesel. They
are not purgative.

c. The bitter principle of Senna-leaves is the cathartin of Lassaigne &
Feneulle, the seunepicrin of Ludwig. The former is a reddish-yellow,

transparent, purgative and deliquescent extract, which is contained in

that portion of the aqueous decoction of the leaves which is soluble in

alcohol and not precipitable by neutral acetate of lead. According to

Peschier & Jacquelin, this cathartin is identical with cytisine (p. 193),
and according to Hubert, with rhamno-cathartin (xvi, 72, 81). Lud-

wig obtains his sennepicrin from the alcoholic extract of the leaves.

The alcohol is distilled off.; the residue evaporated with granulated
animal charcoal, which takes up the sennepicrin ;

and the charcoal is

washed with cold water and boiled with alcohol. The alcoholic liquid
thus obtained is distilled, and the residue is evaporated to dryness with
oxide of lead, and again exhausted with alcohol. This extract is freed

from lead by hydrosulphuric acid and partially evaporated ; the crystals
of phosphate of potash then deposited are separated by filtration ;

and the filtrate is further evaporated. The residue contains sennacrol

and sennepicrin, the former of which may be separated by agitation
with ether, in which the latter is insoluble. Sennepicrin is a brownish-

yellow friable substance, resembling jalap-resin and having a sweetish-

bitter warm taste. It dissolves in water, forming a solution which is

coloured red by alkalis, and green by ferric chloride, and gives a

yellowish precipitate with tannic acid. By boiling it with dilute acids,

it is resolved into an aromatic volatile oil, and sugar. Sennacrol is

decomposed in a similar manner (Ludwig). Binswanger (Repert. [3],

4, 64) had previously obtained senna-bitter by precipitation with

animal charcoal.

Lassaigne & Feneulle (Ann. Chim. Phys. 16, 18
; J. Pharm. 7, 548).

Bley & Diesel (N. Br. Arch. 55, 272). Winckler (Jahrl. pr. Pharm.

19, 263). Martius (Pharm. Viertelj. 6, 604). Ludwig (N. Br. Arch.

119, 50; Chem. Centr. 1865, 175).

d. Dragendorff & Kubly (Russ. Pharm. Zeitschr. 4, 429 and 465 ; JV.

Repert. 15, 275 ; abstr. Krit. Zeitschr. 9, 411) distinguish the active

principle of senna-leaves as cathartic acid. The same or a similar

acid is said to occur in rhubarb and in the bark of the buckthorn.

Besides this body, senna-leaves are said to contain chrysophanic

acid, sennepicrin, sennacrol, and cathartomannite.
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a. Cathartic acid. C 180N3H96S082
. A hot aqueous infusion of the

leaves is evaporated to a syrup, mixed with an equal volume of absolute

alcohol, which throws down mucus and salts, arid filtered. The filtrate

is further precipitated with absolute alcohol, and crude cathartic acid is

obtained from the precipitate by washing it with absolute alcohol,

dissolving- in a small quantity of water, adding a few drops of hydro-
chloric acid to throw down albumin, and precipitating with more
hydrochloric acid. Purification is effected by dissolving the product
in hot 60 p. c. alcohol and precipitating with ether. It dissolves in

alkalis and is precipitated from the solutions by acids.

The acid contains 57*64 p. c. 0., 4-79 to 5'23 H., 1-50 N., and 0-52
to 0-89 S. ; the silver salt 33-74 p. c. AgO ; the lead-salt 43-23 p. c.

PbO. From these numbers Dragendorff & Kubly deduce the formula
C 180N 2H96 82

S, the silver-salt containing 8 AgO. in place of 8 HO., and
the lead-salt 12 PbO. in place of 8 HO. It breaks up, on boiling with
alcoholic hydrochloric acid, into 34-1 p. c. of sugar, and 65*9 of

cathartogenic acid, which forms a dirty yellowish-brown powder, con-

taining 62-09 p. c. C., 2-46 H., 4-76 N., and 1-06 S., corresponding with
the formula C ia8N8HM 46S.

The bark of Rhamnus Frangula contains a substance similar to

cathartic acid, procured in the same manner, and containing 57-52 p. c. C.,

5*36 H., 1-04 N., and 0*58 S. By decomposition with alcoholic hydro-
chloric acid, it yields a product which corresponds to catharthogenic
acid, and gives up to ether an aurora-red crystalline substance (Kubly,
N. Repert. 15, 295).

(3. Chrysophanic acid. On evaporating the alcoholic mother-liquors
of cathartic acid to a syrup, agitating with ether, and evaporating the
ethereal solution, there is left a yellow oil, which, by treatment with
cold alcohol, yields crude chrysophanic acid or a similar body. This
substance forms reddish-brown amorphous masses and nodules con-

taining 61-56 p. c. C., and 5-33 H. (See xvi, 171)- No chrysophanic acid
is obtained by Batka's process.

7. Cathartomannite. C^H^O38
. The syrupy liquid exhausted with

ether to obtain chrysophanic acid (see above) still contains in solution

sennepicrin, sennacrol, and cathartomannite. It is exhausted with
alcohol ; the alcohol is distilled ; the residue is dissolved in water and

precipitated with neutral and basic acetate of lead ;
the filtrate is freed

from lead and evaporated, and the residue is covered with a layer of

absolute alcohol, in which crystals make their appearance after stand-

ing for some days. White, sweet, crystalline nodules, which rotate

a ray of polarised light to the right [51-3 (for aj ?)] and do not smell

of caramel when heated. It is not susceptible of fermentation, and

does not reduce salts of mercury, gold, or platinum, or copper-salts
even after boiling with acids. It dissolves easily in water, and pre-
vents the precipitation of copper oxide by alkalis. Slightly soluble in

spirit, but not in ether or absolute alcohol. Contains 41-68 p. c. C.,

7-42 H., and 50-90 0.

e. According to Rau (Pharm. Viertelj. 16, 92) the alcoholic tincture

of senna-leaves does not contain any purgative substance. The leaves,

previously exhausted with alcohol, do not give up chrysophanic acid

to benzol ; neither is this body obtained by the dry distillation of the

leaves. The active principle of the leaves, according to Rau, is pre-
VOL. XVII|. R
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cipitable by basic acetate of lead ; he believes, however, that he has

obtained it in crystals, by the following process, from that portion of

the decoction of the leaves which is not precipitated by the basic

acetate. The decoction is precipitated with basic acetate of lead,

which throws down leaf-green, chrysoretin, resin, and gum; the

filtrate is treated with hydrosulphuric acid : and the precipitated

sulphide of lead is exhausted with ether. The ethereal solution de-

posits, by spontaneous evaporation, white needles, having a nauseous

bitter taste
; fusible, combustible, neutral, insoluble in water, acetic

acid, alkalis, and cold alcohol,' but soluble in hot alcohol, ether, and

chloroform. These needles are the active principle (Rau).

67. SPIGELIA BITTER. Brown extract, contained in that portion of

the aqueous extract of Spigelia antlielmia which is soluble in alcohol and

not precipitable by neutral acetate of lead. According to Feneulle, it

acts as a narcotic, but according to Ricord Madiana (J3r. Arch. 25, 38)
it does not possess this property. It is soluble in water and alcohol,

insoluble in ether (Feneulle, J. Pharm. 9, 197).

68. SPILANTHIN. Occurs in Spilanthes oleracea (Handbuch. viii, 68)
at the time of flowering. It is taken up by ether from an alcoholic

extract of the plant, and is obtained in crystals by evaporating the

ethereal solution, dissolving the residue in a small quantity of absolute

alcohol, adding water till turbidity is produced, and setting the solu-

tion aside. - White light needles, which run into a resinous mass
when their solution in ether or alcohol is rapidly evaporated. Not

precipitable by neutral acetate of lead (Walz, JV. Jahrb. Pharm. 11,

283). Besides this body, the plant contains an acrid substance. See
Buchner (Repert. 38, 366) ; Lassaigne (J. Chim. me'd. 1, 261).

69. TANACETIN. Obtained from Summitates Tanaceti. Prepared,
according to Homolle, in [the same manner as digitalin (xvi, 333).

Yellowish-white nodules and granules, inodorous, very bitter, and

slightly acrid. When heated, it melts, turns brown, evolves an odour
of melilot, and leaves charcoal, Dissolves in cold oil of vitriol, form-

ing a hyacinth-red solution. It is very slightly soluble in water, but

imparts to the liquid its bitter taste. Soluble in ether and less freely
so in alcohol (Leroy, J. Chim. me'd. 21, 357).

70. TANGININ and TANGIN-CAMPHOR. From the fruit of Tanginia
madagascariensis. When the fruit is freed from oil by expression, and
afterwards exhausted with ether, that liquid takes up tangin-camphor.
The residue gives up to alcohol the tanginin, together with an acid

body not precipitable by lead-salts. Tanginin is a reddish-brown,
sticky, bitter extract, which reddens litmus and acts as a narcotic. It
does not yield ammonia by dry distillation. The aqueous solution is

precipitated white by chlorine, bluish-green by acids, reddish-brown
by alkalis, and is coloured brown by ammonia

; it is likewise pre-
cipitated by metallic salts. Tanginin is soluble in alcohol, insoluble in
ether.

^ Tangin-camphor. Shining, transparent laminae, which deliquescem the air and melt at a moderate heat, without volatilising. Neutral,
very bitter and burning, poisonous ; fatal to animals in small doses.
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Free from nitrogen. Insoluble in water, and does not combine with
acids. Soluble in alcohol, from which it is precipitated by water ;

insoluble in ether (0. Henry, J. Pharm. 10, 52).

71. TARAXACIN. Obtained from the fresh milky juice of the root
of Taraxacum officinale. Polex heats the fresh juice to boiling, filters,
and concentrates the filtrate, whereupon the taraxacin crystallises. It

is purified by recrystallisation from water or alcohol. White, easily
fusible crystalline nodules, which have a bitter, somewhat acrid taste,
burn when heated, without evolving ammonia, and dissolve in strong
acids without coloration. It dissolves with difficulty in cold water,
but easily in boiling water, alcohol, and ether (Polex, N. Br. A rch.

19, 50). Kromayer exhausted the coagulated juice with hot water,
agitated the aqueous liquid with animal charcoal, which took up the
bitter principle, and exhausted the charcoal with alcohol. On distilling
off the alcohol, precipitating the residual solution with basic acetate of

lead, removing lead by means of hydrosulphuric acid, and evaporat-
ing, the taraxacin remained as a colourless amorphous bitter mass

(Kromayer, Die Bittersto/e, 97).
The albumin, coagulated by boiling the milk-sap, gives up to alcohol,

white cauliflower-like fusible nodules, which have an acrid taste and
burn with difficulty. They are but little affected by nitric acid, dissolve

in oil of vitriol with yellow colour, carbonise when the solution is

heated, and are not precipitated from their alcoholic solution by basic

acetate of lead. Easily soluble in alcohol and ether (Polex). These
nodules appear to be identical with Kromayer's tasteless taraxacerin,
which contains 74'44 p. c. C., 12-69 H., and 12'87 0., corresponding to

the formula C40!!40!)5 (Kromayer).

72. TEUCRIUM BITTER. From Teucrum Scordium. An aqueous
solution of the alcoholic extract of the plant is freed from substances

precipitable by neutral acetate of lead, and from excess of lead, and

evaporated ; the bitter is extracted from the residue by ether. Honey-
yellow mass, triturable to a white powder after drying. Neutral.

Insoluble in cold water and dilute sulphuric acid
; slowly soluble in

aqueous ammonia and potash with golden-yellow colour ; soluble in

alcohol and ether (Winckler, Eepert. 38, 252).

73. VELLARIN. From Hydrocotyle Asiatica. Bitter, strongly smell-

ing oil, which thickens on exposure to the air, dissolves in ammonia,
ether, and weak spirit, but not in potash-ley (Lepine, N. J. Pharm.

28, 47; Chem. Centr. 1855, 542 ; Kopp'a Jahresber. 1855, 723).

74. BITTER PRINCIPLE OF THE BERRIES OF VIBURNUM LANTANA.

The crushed berries are boiled with milk of lime; the filtrate is

neutralised with hydrochloric acid and concentrated, then agitated
with animal charcoal, which takes up the bitter principle and yields it

again to alcohol after washing and drying ; and the alcoholic liquid is

evaporated to a syrup, and freed from an acrid substance by agitation
with ether. Yellow hygroscopic extract, which dissolves in water,
tastes very bitter, and cannot be made to crystallise by dialysis (Enz,
Pharm. Viertelj. 12, 534).

75. VIBURNIN. Obtained from the bark of the guelder rose

R 2
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(Viburnum Opulus). It is extracted by boiling water from the ethereal

extract of the bark. The aqueous liquid is freed from tannic acid by
digesting it with parchment, decolorised by animal charcoal, and

evaporated. Amorphous yellow friable mass, having a pure bitter

taste and neutral reaction. Combustible. Dissolves with difficulty in

water, easily in alcohol (Kramer, 2f. Br. Arch. 40. 266).

76. VINCIN. From Vinca minor. An alcoholic tincture of the

leaves is concentrated by evaporation, after addition of tartaric acid ;

the leaf-green thereby thrown down is removed
;
and the filtrate is

supersaturated with bicarbonate of soda and shaken with ether. The
ethereal liquid, when evaporated, leaves a brown varnish, which is

exhausted with dilute sulphuric acid. A solution is thus . obtained

from which, after filtration, ammonia throws down a reddish-white

precipitate of vincin. Grey-white powder, soluble with difficulty in

water and in dilute hydrochloric and sulphuric acids, forming bitter

solutions, which leave an amorphous varnish when evaporated. They are

precipitated by carbonate and oxalate of potash, and by tartar-emetic,
terchloride of gold, bichloride of platinum, and tannic acid. Vincin dis-

solves easily in ether and alcohol, and does not crystallise on evaporating
the solutions (Lucas, N. Br. Arch. 97, 149).

77. BITTER PRINCIPLE OF WHITE CINNAMON. The aqueous decoction

is freed from resin by cooling, from sugar by crystallisation, and

evaporated. The residue is dissolved in absolute alcohol ; the solu-

tion is evaporated, and the residue is dissolved in ether, which on

evaporation leaves the bitter as an amorphous brown soft mass.
Softens and dissolves to a slight extent in water (Petroz & Robinet,
J. Pharm. 8, 197).

COMPOUNDS CONTAINING 68 ATOMS OF CARBON.

Primary Nucleus C68HM ; Oxygen-nucleus

Leucopetrin.

? C68HM 4 =

Assuming the correctness of the above formula, Bruckner's leucopetrin from peat
belongs to this place. See xvii, 441.

Primary Nucleus C^H70
; Oxyazo-nucleus C"N*II*010

.

Samanderine.

ZALESKT. Tubinger medic. Untersuch. 1, 85; abstr. Krit. Zeitschr.

10, 62
; Kopp's Jahresber. 1866, 754.

The poison contained in the secretion of the cutaneous glands of
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the salamander. On older investigations of the poison of toads and salamanders.
See loc. tit.

The secretion obtained by scraping the sides of the head and the
back of the animal with a teaspoon, is white, viscid, and strongly
alkaline. When mixed with water and heated to 59, it deposits white

curdy flocks, after removing which, a clear, alkaline, and highly poison-
ous nitrate is obtained. This is precipitated with phosphomolybdic
acid ; the resulting white curdy flocks are washed and dissolved in

baryta-water ; excess of baryta is removed by means of carbonic acid,
and the filtrate is concentrated, finally in a retort through which a
stream of hydrogen is passed. In this process long needles (of the

hydrated base, according to Zalesky) are formed, and afterwards dis-

appear, and ultimately there remains a colourless, brittle, amorphous
mass. It contains, besides the poisonous, strongly alkaline samande-

rine, a resin produced by alteration of that body, which combines with

hydrochloric acid, is insoluble in water, but dissolves in alcohol, forming
a solution which exhibits a transient greenish fluorescence.

68 C
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Kopp's Jahresber. 1854, 713. Phil. Mag. [4] 14, 310 ; Chem. Gaz.

1857, 277 ; Instil. 1858, 81; Kopp's Jahresber. 1857, 565. JST. Ann.
Chim. Phys. 59, 91; N. J. Pharm. 38, 128; Chem. Centr. 1860,
586 ; Kopp's Jahresber. I860, 586.

Occurs in the fseces of man, but not in those of other animals.
Fresh faeces are exhausted with boiling alcohol; the liquid is

filtered and allowed to stand; the deposit of margarates and phos-
phates which is then thrown down, is separated by filtration ; the
filtrate is mixed with a small quantity of milk of lime, and then with
its own volume of water, and left to stand for some hours ;

and the

resulting deposit is washed and dried. This deposit, when treated
three or four times with alcohol containing ether, gives up thereto the

excretin, which crystallises from the solution on standing and spon-
taneous evaporation. It is purified by recrystallisation from boiling
alcohol, with the help of animal charcoal (the charcoal, which contains
some excretin, being ultimately washed with ether) and dried in a
vacuum.

Properties. Very light, thin, microscopic, four-sided prisms, with
pointed ends. Neutral. Melts at 92 to 96, and solidifies in a resin-
ous mass on cooling.

Calculation) according to Marcet. Marcet.

78 C 468 80-97 80*43
78 H 78 13-49 13-52

S 16 2-77 278
20 16 2-77 3-27

C78H7sS02.... 678 100-00 100-00

Excretin heated on platinum foil melts, emits an aromatic odour,
and burns. It evolves red fumes with boiling nitric acid. Not
affected by boiling potash-ley.

It is insoluble in cold water
-,
and melts to a yellow resin in boiling

water. Insoluble in dilute acids. Dissolves with difficulty in cold

alcohol, but easily in boiling alcohol and in ether.

COMPOUNDS CONTAINING 80 ATOMS OF CARBON.

Primary Nucleus C80!!' .

Fichtelite.

C^H70
.

C. BROMEIS. Ann. Pharm. 37, 304 ; Berz. Jahresber. 22, 214.
T. E. CLARK. Ann. Pharm. 103, 236; Sill. Amer. J. 75, 164; abstr.

J.pr. Chem. 73, 247; Kopp's Jahresber. 1857, 701.

Discovered by Fikentscher. Frequently confounded with retene
(xvii, 8).- Occurs in fossil pine-trunks from the peat-beds of Eedwitz
in the Fichtelgebirge, partly separated in the form of colourless flat

needles, and partly disseminated through the wood. Also in cracks
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in the wood from the Franzensbader peat-beds (Reuss, Kennq. Jahresber.

1853, 132).

Preparation. 1. A solution in ether or alcohol of the fichtelite

scraped from the trunks, readily yields crystals. 2. When the com-
minuted wood is exhausted by prolonged boiling with ether, the
ether is distilled off, and the residue mixed with alcohol, a solution is

obtained which yields no crystals, even after cooling. It is therefore

precipitated with neutral acetate of lead, filtered, freed from lead by
means of hydrosulphuric acid, boiled with the sulphide of lead, and
filtered after cooling, whereupon the fichtelite crystallises, more espe-
cially on placing in the solution a ready-formed crystal (Clark).

Properties. Oblique, prismatic, hemimorphic, generally tabular

crystals, having no cleavage-plane (Clark). See his description (Ann. Pharm
119, 226). Less lustrous than retene, brittle and hard (Fritzsche).
Melts at 46, and afterwards solidifies only at 36 (Clark) ; solidifies to
a crystalline mass only after long standing (Bromeis). At a tempera-
ture above 320 it distils undecomposed. It is lighter than water,
heavier than alcohol (Bromeis ; Clark).
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Clark.

b.

80 C 480 69-79 69'43

66 H 66 9-59 9'73

4 Cl 142 20-62 20'25

C^H^Cl4
.... 688 100-00 99'41

Bromine, acting on melted fichtelite, produces hydrobromic acid and

oily bodies similar to the chlorine-compounds, one pale-red (a) and
another dark-red and viscid (b).

Clark,

a.

80 C 480 76-31 76-18
69 H 69 10-97 11'03

Br ... 80 12-72

100-00

Clark.

b.

80 C ............ 480 ............ 67-80
68 H ............ 68 ............ 9-61
2Br ............ 160 ............ 22-59 ............ 22'67

C^H^Br2
.... 708 ............ 100-00

Fichtelite dissolves very sparingly in absolute alcohol, and very freely
in ether (Bromeis). It does not combine with picric acid (Fritzsche).

Appendix to Fichtelite.

Earth-resins, some of which appear to be identical with Fichtelite.

1. Tekoretin. Occurs separated in crystals, together with retene

(xvii, 8), on fossil fir-trunks in Danish peat-bogs, and crystallises before
the retene from a solution of the two in boiling alcohol. Large
colourless crystals, melting at 45 and distilling undecomposed at the

boiling point of mercury. Sp. gr. 1-008 at 11 : the melted substance
floats on water.

Tekoretin is not affected by potassium. With nitric acid it forms
a brown nitrogenous resin and oxalic acid. When finely divided and
treated repeatedly with chlorine, it yields an oily body and a yellowish-
brown chlorine-compound, C^fl^Cl8 + HO, which crystallises on

mixing its ethereal solution with boiling alcohol.

Tekoretin dissolves easily in ether ; in 400 parts of alcohol at 5, and
more freely in boiling alcohol (Steenstrup & Forchhanamer, Ann.
Pharm. 41, 42).

Steenstrup.
mean,

80 C ........ 480 ............ 87-27 ............ 87'17
70 H ........ 70 ............ 2-73 ............ 12-84

.. 550 ............ 100-00 ............ 100-01

According to Steenstrup C5H4
.
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2. Scheererite.

STROMEYER. Kastn. Arch. 10, 113.

MACAIRE PRINSEP. Schw. 55, 320 ; Fogg. 15, 294.

KONLEIN. Bibl. univ. 36, 316; Pogg.'lZ, 336.

HAIDINGER. Pogg. 54, 263.

FRITSCHE. J. pr. Chem. 82, 324.

Braunkohlencampher (Gmelin). Natilrliches Naphthalin (Scheerer). Prisma-
tisches Naphthalinharz (Konlein).

Occurs, together with retene (xvii, 8), in a lignite bed at Uznach,
St. Gall. White, somewhat nacreous, translucent, loosely aggregated
granules and laminae, not fatty to the touch, very friable, and slightly
heavier than water (Stromeyer). According to Konlein, irregular

pyramids, cleavable parallel to the horizontal and vertical angles ; hav-

ing a conchoidal fracture ; white, transparent, and brittle ; heavier

than water. According to Haidinger, six-sided prisms, the angles of

which do not differ much from 120, with the alternate lateral faces

obliquely inclined to the P-face. Small lamellar crystals, monoclinic,
tabular by predominance of the longitudinal face ; a prism likewise

occurs. Prism and longitudinal faces vertically striated. Also a
cliiiorhombic hemipyramid and a clinorhombic transverse hemidome,
oppositely placed (Fig. 96 with the m faces of fig. 97 very fully developed).
u:h = 123 30' ; u : c = 101 30' ;

* : h = 135 (Kenngott, Wien.
Acad. Ber. 14, 272).

Melts at 45 [46 (Haidinger) ; 44 (M. Prinsep)] to a colourless

oil, which solidifies to a mass of needles on cooling, often only after

several days in contact with a platinum or glass rod (Stromeyer).

Sp. gr. 1-05 to 1-2 (Breithampt) ; a little heavier than water (Konlein ;

Stromeyer); lighter than water (sp. gr. 0'65 !) (M. Prinsep). Boils above
100 ; volatilises entirely without decomposition and sublimes in needles

(Stromeyer). According to Prinsep, it volatilises at 92, at which

temperature fichtelite likewise begins to sublime (Fritsche).

According to Prinsep, it contains 73 p. c. C., and 24 H., but Prinsep himself

considers the analysis very doubtful, and it cannot therefore be regarded as a proof
of the difference of fichtelite and scheererite. See Clark and Fritsche, who consider

the two bodies as very probably identical. Kenngott's description of the easily
fusible crystals from Uznach, however, does not agree with that of fichtelite given

by Clark.

Scheererite burns with a slightly smoky flame, emitting an odour

of pitch (Haidinger). In chlorine it melts in a few minutes, and

afterwards solidifies to a granular crystalline mass, which is not

further acted upon by chlorine. It is very slowly decomposed by
strong nitric acid. Dissolves in oil of vitriol, and on prolonged digestion
therewith forms a conjugated acid (Stromeyer) (Was retene likewise pre-

sent ? Kr.) . Scheererite dissolves easily in alcohol, from which it crys-
tallises ; also in acetate of ethyl, ether

,
and volatile and fixed oils.

3. Branchite. Savite. From MonteVaso in Tuscany. Colourless

transparent mass, which melts at 75, turning yellow and solidifying

in the amorphous state on cooling. Burns without residue. Crystallises
from alcohol in fine laminae. Sp. gr. 1-00 (Savi, Kenngott's Jahresber.
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18441849, 254) ; 1-0442 (Piria). After crystallisation from alcohol

it contains 87'0 p. c. 0., 13-4 H., corresponding to the formula C*H8

(Piria, Kopp's Jahresber. 1855, 984).

Lignite from the Wilhelmszech mine in the Westerwald contains a

resin melting at 75 and otherwise agreeing with scheererite, probably
branchite (Casselmann, Ann. Pharm. 89, 50).

4. Hartite. Occurs in lignite from Oberhart, near Gloggnitz in

Lower Austria (Haidinger, Pogg. 54, 261). Also in a lignite-bed at

Rosenthai in Styria (Kenngott). Spermaceti-like mass and tabular

crystals (Haidinger). Brittle and very friable. Sp. gr. 1 -046 (Haid-
inger), 1-041 (Baumert), 1*036 to 1O60 (KenngottX Melts at 74

(Haidinger), 72 (Baumert). Begins to volatilise at 100, the vapours
condensing to an oil, which solidifies to a crystalline mass. According
to Kenngott, it distils easily, for the most part unaltered. According
to Schrotter, it distils in the form of a yellow oil, at a high temperature
only. According to Kenngott, it distils also with aqueous vapour. It

is not attacked by cold oil of vitriol ; the mass blackens only above
100. with evolution of sulphurous acid. It is not acted on by melted

potassium. Dissolves slightly in alcohol and very freely in ether,

crystallising from the solution (Schrotter, Pogg. 59, 43). According to

Baumert, it contains an oxyg-enated body which may be separated by
crystallisation from alcohol. The crystals obtained from ether or

alcohol are thin rhomboidal laminae with angles of 99-| and 80J,
frequently having the more acute angles truncated, so that the trunca-

tion-face forms with the longer side of the rhomboid an angle of 117,
and with the shorter side an angle of 143 (Kenngott, Jahresber. 1856
and 1857, 186).

Schrotter.

mean. Baumert.

60 .... 36 87-80 87'49 87'77
5 H .... 5 12-20 12-08 12-26

C6H5
.... 41 100-00 99-57 100'03

Schrotter's hartite was purified by fusion and decantation ; Baurnert's by recrys-
tallisation.

5. Hatschetin.

CONYBEARE. Phil. Ann. 1, 136.

JOHNSTON. Phil. Mag. 12, 338 ; abstr. J. pr. Chem. 13 to 38.

A fossil resin occurring in ironstone in South Wales (Conybeare) ;

in Glamorganshire (Johnston). Hatschetin occurring in sphgerosiderite
at Rossitz in Moravia resembles ozokerite, but is softer, melts at 71,
has the sp. gr. 0'892, dissolves easily in oil of turpentine, with

difficulty in ether, and is insoluble in alcohol (Rittler, Kopp's Jahresber.

1849, 781 ; Fotterle, Kenngott's Jahresber. 1854. 140).
Hatschetin possesses a scaly or granular texture, is somewhat

softer than tallow, yellowish-white or yellow, translucent, slightly
nacreous or dull (Conybeare). Transparent yellowish thin laminae,

having a pearly lustre. Sp. gr. 0-916 at 15 (Johnston). Melts
below 77 (Conybeare) ; at 46 (Johnston). Inodorous in the cold, but
has a fatty odour when heated.
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When carefully heated, it appears to distil unchanged (Johnston),
yielding a greenish-yellow buttery distillate, of bituminous odour, and

leaving charcoal (Conybearc). Burns with flame from a wick (Cony-
beare). Turns dark and opaque in the air. Carbonises in boiling
oil of vitriol^ but is not decomposed by boiling nitric acid (Johnston).

Hatschetin dissolves very sparingly in boiling alcohol, and is de-

posited almost entirely on cooling. Its solution in warm ether first

deposits delicate laminae and then solidifies to a mass resembling

opodeldoc (Conybeare).
It contains 84-73 p. c. C., and 14-62 H. (Johnston).

COMPOUNDS CONTAINING 96 ATOMS OF CARBON.

Theveresin.

CL. BLAS. Bull, de VA cademie royale de Medecine de Belgique [3], 2,

No. 9 ; N. Jahrb. Pharm. 31, 1 ; Jahresb. 1868, 768.

Formation and Preparation. By absorbing thevetin (infra) with
dilute hydrochloric or sulphuric acid, the theveresin then separating as
a resinous precipitate, while sugar remains in solution :

C108H84O48 = C^H^O34 + C12H12O12 + 2HO.
Thevetin. Theveresin. Glucose.

] 00 pts. thevetin yield from ] 5 to 16 p. c. theveresin, a result agreeing with the

equation just given.

The decomposition of the thevetin is most readily effected by heating
with dilute sulphuric acid in sealed tubes. The resinous precipitate is

purified by repeated solution in alcohol and precipitation with water.

White, easily cohering powder, consisting of C^ETO 34 + HO, and

giving off 4 at. water (3*2 p. c.) at 110. Melts at 140, and decom-

poses at a higher temperature without yielding a sublimate. With

strong sulphuric acid it behaves like thevetin. Dissolves sparingly in

cold, somewhat more easily in boiling water, is moderately soluble in

alcohol, very slightly in ether, insoluble in chloroform and in benzol.

The solutions have a bitter taste, and neutral reaction. In alkalis it

dissolves with yellow colour. The alcoholic solution is not precipitated

by metallic salts.

Conjugated Compounds of Theveresin.

Thevetin.

Cio8He4 _ CMH70 34
,C

12H12 18
,2HO.

BLAS. Loc. cit.

A glucoside occurring in the seeds of Thevetia nere'ifolia, Juss., or

Cerbera thevetia, Lin., and perhaps identical with the substance called
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cerberin, which Oudemans obtained (together with olein and palmitin)
from the seeds of Cerbera Odollam, an East Indian plant (Jahresb. 1866,

697).
The mass remaining after the oleaginous seeds have been pressed;

is first treated with ether till the fats are completely removed, then

with cold water, and finally boiled with alcohol. The alcoholic extract

on cooling, deposits thevetin, which may be purified by repeated

crystallisation.
White powder consisting of small crystalline laminae, inodorous and

having a very bitter taste. When dried over oil of vitriol it contains

C io8H84()48 _|_ 6HO. It gives off 2 at. water at 110, melts at about

170, and decomposes at a higher temperature. Dissolves in 122 pts.

water at 14, more abundantly in hot water, easily also in alcohol, but

is insoluble in ether. Glacial acetic acid dissolves it abundantly, and
the solution turns the plane of polarisation to the left. According to

de Vrij (who first prepared this substance), the molecular rotatory

power is a = 85'5. Solutions of thevetin are not precipitated by
any metallic salt. Strong sulphuric acid dissolves it with red-brown

colour, soon changing to cherry-red, and after a few hours to violet ;

on addition of water the colour disappears. Its decomposition by
boiling with dilute acids has been already mentioned. ^[

End of Compounds arranged according to the number of

the Carbon-atoms.

APPENDIX TO THESE COMPOUNDS.

Animal Proteides, Gelatinous substances, Horny textures, Animal

Colouring-matters, Vegetable Proteides, and allied compounds.

1. Generalities respecting Proteides and allied bodies.

The name protein, introduced by Mulder (Berzel Jahresber. 19, 639),
and employed by him to designate the hypothetical organic radical

common to fibrin, albumin, casein, and crystallin, has remained in use
even after the refutation of Mulder's protein theory, and serves as a

synonym for the expressions blood-former, albuminous substance (Hand-
worterb. 2 Aufl. 2, 2, 120), and likewise as a general term for albumin,
casein, and fibrin, and the corresponding vegetable substances. Heintz

(Zoochemie, 600) includes amongst proteides also horn-substance, fibroin,
and the substance of sponge, but excludes glutin and chondrin.

Gerhardt (Traite 4, 430) regards the proteides as characterised by the

presence of sulphur in their composition.

Hoppe-Seyler (Handb. 182) enumerates eleven proteides, viz.,

serum-albumin, egg-albumin, casein, paralbumin, syntonin, myosin,
fibrinogen, fibrinoplasmin, fibrin, coagulated albumin, and amyloid
substance, to which should be added the corresponding vegetable
substances. The term proteides is here used in the comprehensive
sense, which permits the grouping together of the non-crystallisable

nitrogenous animal and vegetable substances possessing reactions in

common.
The older researches of Beccaria, Fourcroy, Einhof, Proust, and

Vogel, having established the facts of the existence of albuminous
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substances in the vegetable kingdom, of their similarity to correspond-
ing substances of animal origin, and of the similarity of these last to

one another, Mulder (Berzel. Jahresber. 18, 534), in 1837, arrived at

the conclusion that fibrin, serum-albumin, egg-albumin, silk, and the

nitrogenous vegetable bodies which we now call proteides, contained
one and the same organic oxide, 2(C

3NH6

),0
5
. This body was said to

be combined with sulphur and phosphorus in fibrin, albumin, and

vegetable albumin, in the proportion of 50 atoms of the oxide to 1 atom
of sulphide of phosphorus, PS2

. On dissolving fibrin or albumin in

excess of potash-ley, sulphide of potassium and phosphate of potash
were stated to be formed ; the precipitate thrown down from the solu-

tion by acids was regarded as the oxide free from sulphur and phos -

phorus, and said to be identically the same whether obtained from
fibrin or from albumin. Hence it was regarded as probable that fibrin

and egg-albumin contained 1 atom of PS2
,
whilst serum-albumin con-

tained 1 atom of PS* in combination with 50 atoms of the oxide.

In the following year, Mulder (Berzel. Jahresber. 19, 639) extended
these views, and modified them in some points. The non-sulphuretted

organic oxide, C*N5H31 12
,
now distinguished as protein, in combination

with sulphur, phosphorus, and phosphate of lime, was said to form

fibrin, albumin, casein, crystallin, &c., serum-albumin and fibrin con-

taining 20 atoms of protein to 1 atom of PSa
,
whilst coagulated egg-

albumin contained twice as much sulphur. The precipitates thrown
down by sulphuric, hydrochloric, and gallotannic acids, from solutions

of protein in alkalis (alburninates of the alkalis) or acetic acid, were
there described by Mulder as compounds of protein (free from sulphur
and phosphorus) with these acids.

After Mulder, in the years 1840 1842, had described numerous
other compounds of his hypothetical protein as chlorite of protein, pro-
teinsulphuric acid, trioxyprotein, bioxyprotein, &c., and made known
his views with regard to the occurrence arid use of these bodies in the

organism (Ann. Pharm. 47, 300), Liebig showed (Ann. Pharm. 47, 300)
that the precipitate thrown down by carbonate of ammonia from solu-

tions of fibrin in dilute hydrochloric acid, and described by Mulder as

protein-binoxide, really contained sulphur ; further, that the precipitate

produced by acetic acid in a solution in potash-ley of vegetable casein

from beans is not protein free from sulphur, as Mulder supposed, but
likewise contains sulphur ; and, lastly, that, according to Laskowski's

experiments, alkaline solutions of casein, albumin, and fibrin, even after

boiling for hours, give with acetic acid, precipitates in which the

presence of sulphur may be demonstrated by fusing them with hydrate
of potash.

Soon after this, Laskowski (Ann. Pharm. 58, 129) further contro-

verted Mulder's protein theory by showing that the formulae given by
Mulder for the albuminous bodies were not in accordance with Mulder's
own analyses ;

that the body prepared by Mulder as protein contained

sulphur ; and that protein free from sulphur cannot be isolated.

Laskowski, indeed, succeeded in obtaining products free, or nearly
free, from sulphur, by the prolonged treatment of albuminous bodies
with hot potash-ley, but only as the result of far-advanced decom-

position.
In his reply Mulder (Berzel. Jahresber. 27, 512) declared that the

sulphur of proteides, when treated with dilute potash, forms therewith

pentasulphide of potassium and hyposulphite of potash, so that, on the
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addition of acetic acid to the alkaline solution, free sulphur is thrown
down with the protein. This admixture of sulphur with the precipitate
was said to be prevented by exposing the alkaline solution to the air

to oxidise the sulphur-compounds ; but on its being- shown by Fleitmann

(Ann. Pharm. 61, 121) that protein thus prepared still contained sulphur
(to the extent of 1-42 p. c. when prepared from the white of hen's

eggs), Mulder's views underwent further modification (Scheik. Onderz.

4, 195; J.pr. Chem. 44, 488 ; Kopp's Jahresler. 1847 and 1848, 834).

According to these modified views, albuminous substances are com-

pounds of protein, C^H^O10
,
or the protein-oxides, C36

JS'
4Hi5 11 and

C 36N4H26 13
,
with sulphamide, SNH2

,
and phosphamide, PNtP. On

dissolving in potash-ley, there is formed on the one hand hyposul-
phurous acid (which was said to combine with protein in extremely
variable proportions), with elimination of nitrogen and hydrogen, and
on the other hand, hypophosphite of potash, with elimination of ammonia.
These statements were equally without experimental foundation, and
there now remains of Mulder's protein theory nothing but the name.
In addition to the literature quoted, see Mulder's Versuch einer allgemeinen physio-
logischen Chemie, translated into German by Kolbe ; further Scheik. Onderz. 3, 35T ;

and Chem. Untersuch., Frankfort, 1847. On the amount of sulphur in proteides in

particular, see Killing (Ann. Pharm. 57, 301, 315, and 317) ; Fleitmann (Ann. Pharm.
61, 121, and 66, 380) ;

De Yrij (Ann. Pharm. 61, 248).

According to Leconte and Goumoens (Compt. rend. 36, 834; Kopp's
Jahresber. 1853, 587) many albuminous substances consist of a portion
soluble in acetic acid, and another portion insoluble therein, Oxoluin
and Anoxoluin. These substances may even be distinguished under
the microscope, in fibrin, as parallel fibres and as granulations.

When fibrin is treated with glacial acetic acid, it is converted into

a colourless translucent jelly, in which the unaltered fibres are still

recognisable. The fibres do not dissolve even after a month's digestion,
and are rendered white and opaque again by potash. When the jelly
is thrown on a filter, a colourless liquid runs through, which deposits
dull-white flocks on neutralisation with potash.

Muscular fibre immersed in glacial acetic acid swells up, becomes

transparent, and is resolved into a soluble and an insoluble portion.

Albumin, casein, globulin, and vitellin behave in a similar manner.
Anoxoluin dissolves easily in dilute sulphuric acid with reddish

colour ; oxoluin dissolves partially only, with yellow colour. Similarly
the former dissolves freely in warm hydrochloric acid, forming a fine

violet solution ; the latter colours the acid yellow without dissolving
to any great extent. Boiling aqueous tartaric acid renders oxoluin

transparent, and dissolves anoxoluin. A mixture of mercuric and
mercurous nitrate colours anoxoluin carmine or vermilion-red, but

scarcely affects oxoluin. The latter is not attacked by a mixture of

chromate of potash and sulphuric acid at 100, whilst auoxoluin is dis-

solved thereby with reddish-brown colour.

Gerhardt (Traite 4, 432) supposed albumin, casein, and fibrin to

contain one and the same organic compound, which, as acid soda-salt,
formed soluble albumin, as neutral soda- salt, casein, and when mixed
with phosphates of the alkaline earths, fibrin. This view does not
seem to be well-founded so far as regards fibrin, but it appears to

express rightly to some extent the relation of albumin to casein. See

Casein.

Sources of Proteides. They form the principal part of the organic
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compounds occurring in the blood, muscles, nerves, glands, and other

organs and fluids of men and other animals, but are rarelyfound in normal

urine, sweat, bile, tears, or other secretions, with the exception of milk.

They occur also, though less abundantly, in all vegetable organs.
Some proteides are known to be conjugated compounds, by the

decomposition of which simpler proteides are formed. Mucin, for

instance, when boiled with acids, breate up into acid-albumin and

grape-sugar ; hyalin yields a simpler body and grape-sugar ; haemo-

globin yields haematin and sugar.

Properties. Most proteides are white, amorphous, flocculent or

lumpy, inodorous, and tasteless. In the dry state they are for the
most part yellow, brittle, horny masses. Those which are soluble in

water are obtained in the form of yellow, transparent, shining masses
on evaporating their solutions at low temperatures. In aqueous solu-

tion they always rotate polarised light to the left (Hoppe-Seyler).
Danilewsky, however, mentions an optically inactive albumin.

Composition. Egg-albumin, serum-albumin, and casein contain

approximately the same proportions of carbon, nitrogen, and hydrogen,
viz., about 53-4 p. c. C., 15'8 N., and 7'1 H. : fibrin appears to contain

more nitrogen (16'6 p. c.). The proportion of sulphur amounts to
about 2 p. c. in egg-albumin, and about 1 p. c. in casein : serum-
albumin and fibrin contain between 1 and 2 per cent. Ossein, gelatin,

hyalin, and some other proteides are free from sulphur. Hyalin is

characterised by its low percentage of nitrogen (4-3 to 5-2 p. c.). Horn
substance is rich in sulphur, which may amount, in hair, to as much
as 8 per cent. Haemoglobin and haematin contain iron

; turacin con-
tains copper as an essential constituent.

But few proteides are altogether free from ash : none of them are

obtained free from ash in the soluble state. The ash of soluble albumin
and casein contains carbonate of potash ;

that of fibrin does not.

Mulder supposed fibrin, egg-albumin and serum-albumin to contain

phosphorus as an essential constituent. See Laskowski's comparison of
Mulder's analyses (Ann. Pkarm. 58, 138) in which, moreover, the sulphur was

erroneously determined.

According to Liebig (Chem. Briefe, 3, Aufl. 574) the constituents of

the animal body may be arranged in the following order, according to

the proportion of carbon which they contain in combination with the

same amount of nitrogen. To each atom of nitrogen there are

present :

8 atoms of carbon in egg-albumin, serum-albumin, flesh-albumin,

flesh-fibrin, casein, and chondrin ;

7f atoms of carbon in blood-fibrin ;

7 atoms of carbon in horn and hair ;

6^ atoms of carbon in gelatinous tissue and membranes.

The analytical results which have been obtained, lead to the fol-

lowing empirical formulae :

Blood-albumin SWWC^H16^*.
Flesh-albumin The same

Syntonin The same

Egg-albumin
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Casein S3N 36C288H228 90

Blood-fibrin g2X^C298H228 92

Chondrin N 9CH~0
Gelatinous tissue N 13C82H67O32

.

The following relations are observable amongst these formulae :

Casein 4- 10 at. oxygen = chondrin + blood-albumin ;

Albumin -t- 10 at. water = 2 gelatin + taurocholic acid
;

Blood-fibrin + 8 at. water = blood-albumin + gelatin ;

Chondrin = glycocoll + 2 uric acid + 8 water
;

Gelatin + 10 at. oxygen = glycocoll + 3 uric acid + 12 water ;

Albumin + 10 at. water + 56 at. oxygen = taurocholic acid +
2 glycocholic acid + 12 urea + 36 carbonic acid.

Many proteides, as egg-albumin, serum-albumin, casein, albuminic

acid, paralbumin, syntonin, myosin, paraglobulin, and fibrin, when
heated with water, yield coagulated albuminous substances, which are

otherwise obtained for the most part by the prolonged action of alcohol.

They behave with solvents like fibrin, but are hard and brittle, and do
not swell up in saline solutions. The rotatory action on polarised

light of their solutions in soda-ley varies according to their origin

(Hoppe-Seyler). Other methods of distinguishing the coagula of

different proteides are wanting. These coagula when boiled with
water do not swell up, but retain their form, or give off flocks and
detached fragments after some time only (Hoppe-Seyler, Virchow's

Archiv. 5, 171).
Animal substances submitted to dry distillation, yield carbonic acid

and combustible gases, a sublimate of carbonate of ammonia, a pale-
brown aqueous liquid (Spiritus Cornu Cervi\ and a black-brown tar

(Oleum Cornu Cervi), and leave a difficultly combustible charcoal con-

taining nitrogen.
The aqueous liquid contains carbonic, hydrosulphuric, hydrocyanic,

and acetic acids in combination with ammonia ; also empyreumatic oils

and resins. The tar yields by oft-repeated rectification, 01. animate

Dippelii. See Klauer (Ann. Pharm. 19, 135). Buchner (Eepert. 61, 55). The
tar obtained by the dry distillation of bones previously freed from fat

(crude commercial bone-oil), is nearly black, and of sp. gr. 0-97. It

gives up basic constituents to acids : strong acids in excess also dis-

solve from it an easily decomposible non-basic oil. Alkalis take up an
acid oil and a large quantity of prassic acid. The vapour of the oils

rapidly colours pine-wood soaked in hydrochloric acid, red, owing to

the pyrrol which it contains. Bone-oil yields by rectification : 1. A
very volatile oil and water, holding in solution cyanide of ammonium
and hydrosulphate and carbonate of ammonia, with small quantities of

volatile bases. 2. Less volatile oils, which, as the boiling-point rises,

become darker and thicker, and at last appear dark reddish-brown by
reflected, and green by transmitted light. 3. Water and carbonate of

ammonia formed by decomposition of the last portions ; and finally a
residue of charcoal. The oil contains a basic and a neutral portion,
the former of which contains methylamine, propylamine, butylamine,
and probably higher members of the same series, besides pyrrol

(xv, 5), petinine (xv, 159), pyridine (x, 406), picoline (xi, 263), lutidine

(xii, 337), and collidine (xiii, 148). The non-basic portion contains a
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liquid boiling at 65-5, which in the cold separates into two layers, one

containing the alcohol-radicals of the fatty acids, arid apparently also

benzene and homologous hydrocarbons. On prolonged boiling with

potash it evolves ammonia, and afterwards when supersaturated with

sulphuric acid, emits the odour of butyric acid ; it probably, therefore,
Contains nitriles (Anderson). See also Unverdorben (Fogg. 8, 253 and 477),
who distinguishes in animal oil, animine, ammoliue, odorine, fuscine, einpyreumatic
acid, resins, and neutral animal oil. The residual coke when formed at

low temperatures, contains about 5*7 per cent, of nitrogen. After

subjection to a bright-red heat it contains from 2 -5 to 3-1 per cent.

(Fleck, Fabrik. diem. Prod, aus thier. Abfdllen, 1862, 15). When horn
or fish is submitted to dry distillation, and the products are passed over
heated soda-lime, no nitrogen is evolved ; neither is any product
formed capable of yielding ammonia by treatment with soda-lime

(Schlun, N. Br. Arch. Ill, 11).

Owing to the nitrogen which they contain, horny tissue, gelatin,

chondrin, chitin, and albuminous substances, when introduced into the

point of a blowpipe-flame, colour it distinctly green at the edges, with a

reddish centre (Vogel & Reischauer, N. Repert. Pharm. 5, 153 ; Kopp's
Jahresber. 1856, 752).

When proteides are submitted to prolonged boiling with water, in

contact with the air, or when they are heated to temperatures between
108 and 200 with water in sealed tubes, easily soluble products are

obtained. Mulder described these products as protein oxides. Meiss-
ner obtained peptones and other bodies from syntoniu and casein.

W. Schmidt, who employed a higher temperature than Meissner, found
no peptone. See egg-albuniin, fibrin, casein, serum-albumin, syntonin, and para-

globulin.

On digesting protein (the precipitate thrown down by acids from
alkaline solutions of the proteides) in oil of vitriol for 24 hours, it swells

up to a jelly, which, when immersed in water, shrinks to a white in-

soluble mass. When washed with water and purified by boiling with
alcohol arid dried, this mass, Mulder's protein-sulphuric acid, is hard
and white, and does not redden litmus. It forms soluble compounds
with the alkalis and with baryta and lime, and insoluble compounds
with the oxides of the heavy metals. It contains 50*94 p. c. C.,

15-08 N., 6-93 H., 18-74 0., and 8-34 SO3
,
and is represented by the

formula 2C36N4H27 12
,S0

3
(Mulder, Berzel. Jahresber. 19, 642; 23,

600).
Proteides submitted to prolonged boiling with hydrochloric acid or

moderately dilute sulphuric acid yield crystalline products, amongst
which leucine and tyrosine are the most common.

Of crystalline products, elastic tissue yields leucine only ; gelatinous
tissues yield leucine and glycine; albumin, casein, and fibrin yield
leucine with a little tyrosine ; horny tissue arid animal mucus yield
leucine with 4 p. c. or more of tyrosine. Fibroin gives 5 to 8 p. c. of

tyrosine, together with leucine and glycine. Sericin yields tyrosine,

leucine, and serine (Stiideler). Legurnin yields, besides tyrosine and

leucine, glutamic and aspartic acids ; the latter acid is also obtained

from egg albumin (Ritthausen). See also Mulder (J. pr. Chem, 21, 343), who
obtained humic acid and ammonia by boiling protein with hydrochloric acid.

Proteides digested with nitric acid form a pale lemon-yellow powder,
which when washed with water leaves dark-yellow xanthoproteic acid.

The pale-yellow body forms with lime an insoluble salt of xantho-
VOL. XVIII. 8
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proteic acid and soluble salts of nitric and saccharic acids, so that it

probably contains these acids in combination (Berzelius, Jahresber, 19
?

651). See also Xantkoproteic acid, p. 264.

On warming the liquid white of hens' eggs, glutin, or flesh with a

mixture of 2 volumes of fuming nitric acid and 1 volume of strong

hydrochloric acid, a violent frothing and evolution of nitric oxide takes

place, and decomposition-products are formed, part of which pass
over in the acid fumes, another portion separating from the acid

solution on cooling, while a third portion remains dissolved. A very

large excess of nitric acid destroys the products thus formed, and

there remains, instead of them, only a small quantity of volatile

crystals and a large quantity of oxalic acid.

To obtain these products, one of the proteides is dissolved in warm

fuming nitric acid, with addition of water if necessary, and the solu-

tion is filtered, mixed with half its volume of strong hydrochloric acid,

and distilled till the contents of the retort throw down a yellow

waxy tough mass.

a. Oily drops of chorazol pass over with the acid vapours. They
collect at the bottom of the receiver, and are afterwards purified by
distillation with water and dried over chloride of calcium.

Chlorazol is a thin yellow oil, of sp. gr. 1-555, having a very

powerful odour and an acid reaction, and acting as a poison. It ex-

plodes violently when heated. Dissolves very sparingly in water and

does not take up water, but when it is left in contact therewith, its surface

acquires a dull-white appearance. Dissolves freely in alcohol. When
this chlorazol, obtained by the treatment of the original proteide, is

distilled alone, an evolution of hyponitric acid takes place, and at about

140 there passes over an oily body (b} resembling chlorazol but differ-

ing in composition and having the sp. gr. 1'628. Lastly, the non-

volatile decomposition-products obtained in the first operation (see below)

yield, by repeated treatment with nitric acid, oily bodies (c and d)

resembling chlorazol.

Analyses by Milhlhauser.
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a transparent syrupy body, the quantity of which is increased by mix-

ing it with water, then driving" off most of the acid with addition of

alcohol, and again mixing with water. It is purified by boiling with
water.

This second body forms an acid liquid of the consistence of turpentine,
which turns red in the air, smells of bitter almond oil, and tastes

bitter. Sp. gr. 1'36. When heated it becomes thinner, turns brown
and decomposes, without exploding. It is nearly insoluble in water,
but when boiled persistently with water it loses chlorine. When
treated with potash, it gives up part of its nitrogen in the form of

ammonia : acids throw down from the solution a body resembling the

original. It dissolves easily in alcohol and less freely in ether.

Calculation, according to MiiMhduser. Mulilh'amer.

240 .................... 144 ............ 42-29 ............ 40-05 to 43-56
12 H .................... 12 ............ 3-52 ............ 3-30 to 5'33

301.................... 106-5 ............ 31-28 ............ 29'23 to 34'43
N .................... 14 ............ 4-11 ............ 4-22 to 4-24

80 .................... 64 ............ 18-80

C24C13XH12 4
.... 340-5 ............ 100-00

The second body undergoes further decomposition when it is dis-

tilled with 100 parts of fuming nitric acid. Chlorazol (c) then passes
over, and the residue deposits crystals, while an amorphous body remains
in solution. No oxalic acid is produced. The crystals are white
loose needles, having an odour of benzoic acid and a sour taste ; they
are fusible and susceptible of sublimation, and are represented by the

formula C 14C12IP06
. They dissolve easily in hot nitric acid and are

deposited from the solution unchanged as it cools. The amorphous
body is semi-fluid, ropy, strongly acid, inodorous, very hygroscopic, and
has the composition represented by the formula C 12C1 2XIP02

. It

volatilises in irritating vapours without leaving a residue; dissolves

slightly in water and easily in aqueous alkalis, with which it forms

crystallisable salts.

c. After the removal of the chlorazol and the second body, there

remain in the mother-liquor, sulphuric, oxalic, and fumaric acids (x, 22),
and a non-volatile third body. Excess of the acids employed is driven

off ;
the oxalic acid is allowed to crystallise ;

and the thick residue is

mixed with 3 or 4 times its volume of water, whereupon the third body
is precipitated and collects in the form of a heavy oily layer. The

mother-liquor contains salts of fumaric and sulphuric acids.

The third body is a thin oil of brown-red or paler colour, an agree-
able aromatic odour, and acid reaction. It forms an opaque solid in

the cold, and burns without explosion. It dissolves slightly in water,

sparingly in aqueous ammonia, and easily in alkalis. The alcoholic

solution throws down from metallic salts coloured amorphous pre-

cipitates, which lose organic matter on drying. It dissolves freely in

alcohol.

Calculation, according to MilJi

26 156
18 H 18



260 GENERALITIES RESPECTING PROTEIDES.

When distilled with fuming nitric acid, this third body likewise

undergoes decomposition, by which chlorazol, (d) volatile acids (among
which valerianic acid predominates), crystals, and an oily body are

produced, but no oxalic acid.

The crystals are obtained in small quantity only. They form in-

odorous short white needles, fusible, and volatilisable in irritating

vapours. They dissolve with difficulty in hot water, easily in alcohol,

and are represented by the formula C 16C12H6 4
. The potash-salt

contains 20-51 p. c. of potash.
The oil is of a clear pale-yellow colour, nearly inodorous, bitter, and

very acid. It volatilises in white vapours, apparently undecomposed.
The compounds with bases are amorphous, brownish-red or orange.
The oil dissolves sparingly in water, easily in alcohol (Miihlhauser, Ann.
Pharm. 90, 170; 101, 171).

Miihlhauser.

Calculation, according to Miihlhauser. Dried at 100.

240 144 339 33'24 33'11

16 H 16 3'8 4-05 3'9

3 01 106-5 25-0 25-0 24'77

N 14 3-4 3-3 3-3

ISO 144 33-9

C24C13XH16O14
.... 424-5 lOO'O

Albumin, fibrin, casein, and wheat-gluten, treated with a mixture

of binoxide of manganese and sulphuric acid, or of bichromate of potash
and sulphuric acid, yield liquid fatty acids, benzoic acid, and the alde-

hydes of these acids
;

with bichromate of potash, prussic acid and
valeronitrile are also formed. See further particulars under Casein.

Solid albuminous substances are coloured blue by sulphuric acid

containing molybdic acid (Frohde, Ann. Pharm. 145, 376 ; Chem. Centr.

1868, 640).
All albuminous substances (as, for example, egg and serum albumin,

the substance precipitated by acetic acid from blood-serum, alkaline

solution of fibrin to which enough acetic or phosphoric acid has been

added to redissolve the precipitate first thrown down) are precipitated
from their solutions in acetic acid by neutral salts, such as chloride of

sodium, acetate of soda, phosphate of soda, chloride of calcium, or sul-

phate of magnesia. A similar behaviour is exhibited in solutions con-

taining excess of phosphoric, oxalic, lactic, or tartaric, instead of acetic

acid. The precipitation takes place with especial facility when the

acid solution is heated and cooled again before adding the neutral salt ;

it is effected the more easily the higher the temperature and the

stronger the solution. On dissolving serum-albumin, coagulated by
heat, in very dilute potash-ley, adding acetic acid till the precipitate at

first produced disappears, and then mixing the liquid with an equal
volume of an aqueous solution of sulphate of magnesia, the mixture

remains clear at 13, becomes slightly turbid at 15 to 16, more so

at 19, and throws down dense flocks at 32. 100 parts of a solution of

serum-albumin in phosphoric acid, when mixed with 1 part of a solution

of chloride of sodium, do not become turbid even on boiling ; 6 parts of

the salt solution cause turbidity at 50, 8 parts at 27, and 10 parts at

19. Acetic and phosphoric acid solutions of egg- and serum-albumin
and of fibrin, behave in the same manner ; coagulated egg-albumin
dissolved in acids is precipitated only at higher temperatures, or by a

larger proportion of neutral salts, than serum-albumin.
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The precipitates thus formed, Panum's acidalbumin, exhibit the fol-

lowing reactions. After the removal of salts, they dissolve in water,
especially in very cold water, forming solutions which are not coagu-
lated by heat

; they lose this property, however, when dried in the air,
or when heated with saline solutions. Before they are altered by
exposure to air, they dissolve in excess of acetic or phosphoric acid,
and sometimes in cold or warm alcohol. Their aqueous solutions are

precipitated by ferrocyanide of potassium, an excess of which redis-

solves the precipitate, whereas solutions of albumin are precipitated by
ferrocyanide of potassium only after addition of acetic acid, and the

resulting precipitate is insoluble in excess of the precipitant (Panurn,
N. Ann. Chim. Phys. 37, 237 ; J. pr. Chem. 59, 55).

When white of egg is diluted with an equal volume of water and
filtered, and the filtrate is saturated with neutral salts, solutions are
obtained (albumino-saliue solutions) which behave as follows :

They are precipitated by tribasic phosphoric acid, except when the
salt added is borax, phosphate of soda, acetate of potash, or acetate of

soda. The precipitates are granular, and soluble in excess of phos-
phoric acid. They give with acetic acid, granular or flocculent precipi-

tates, which are insoluble in excess of acetic acid, and dissolve in

phosphoric acid only when they are granular; this last solution is again
precipitated by excess of acetic acid. The precipitates produced by
acetic acid are insoluble in ammonia, either cold or warm, and in cold

strong potash solution (Melsens). For the behaviour with corrosive sublimate
see egg-alburnin.

When the solutions used in these reactions are so dilute that no

precipitates are produced, fibres make their appearance in them on

stirring-, which fibres afterwards unite to form membranes (Melsens).
On the behaviour of albumin with very dilute hydrochloric acid and chloride of

sodium, see Arnold (Schmidt's Jahrb. 103, 1).

According to Eichwald (Chem. Centr. 1869, 565) these precipitates
consist of mixtures of paraglobin and syntoniu in varying proportions,

according to the kind and quantity of the acid contained in them.
When to a mixture of equal volumes of serum and saturated solution

of chloride of sodium, so much hydrochloric acid is added that 100 c.c.

of the mixture contain from 0'5 to 1-0 gramme of hydrochloric acid, and
the mixture is filtered after standing for a day or longer, the resulting

precipitate forms with water a strongly acid solution, from which soda,
or carbonate of soda, added till the reaction is very feebly acid, gradu-

ally throws down syntonin, whilst coagulable paraglobin remains in

solution. If, on the contrary, the precipitate be freed from adhering
acid, by washing it with a half-saturated solution of chloride of sodium,
water then dissolves the paraglobin (owing to the presence of chloride

of sodium) and leaves the syntonin undissolved. The only peculiarities
exhibited by the paraglobin contained in the precipitate are, that it does

not lose its coagulability, and is not converted into syntonin, even on

standing for months in a solution containing much hydrochloric acid, as

would be the case with paraglobin alone in contact with hydrochloric
acid. When acetic acid is used to precipitate the mixture of serum
and chloride of sodium, the precipitate is perfectly soluble in water,
even after washing with chloride of sodium (Eichwald).

When serum, previously freed from paraglobin and diluted with ten

times its bulk of water, is mixed with so much acetic acid that it no

longer coagulates on boiling, but is completely precipitable by ferro-
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cyanide of potassium, and then with its own volume of a saturated

solution of chloride of sodium, syntonin is thrown down as a greyish-
wliite precipitate, which slowly contracts to a dense mass. When this

precipitate is freed from excess of acid by washing
1 with a half-saturated

solution of chloride of sodium, water first takes up part of the chloride

of sodium, and then dissolves the precipitate itself. The solution has a

faint acid reaction, coagulates partially on boiling, and completely after

addition of a small quantity of carbonate of potash, whilst excess of

alkali prevents coagulation. The solution is precipitated by strong
mineral acids ; the precipitate produced by nitric acid is nearly insoluble

in excess of the precipitant, but that produced by sulphuric acid is com-

pletely soluble. The solution is precipitated also by neutral acetate of

lead, corrosive sublimate, tannic acid, and cupric sulphate, the pre-

cipitate produced by the last being soluble in excess (Eichwald).

Strong potash-ley produces with albuminous substances the bodies

hereafter described as albuminates (Mulder's protein). These bodies

resemble one another in their behaviour towards reagents, but exhibit

some differences amongst themselves in their action on polarised

light.

Albumin, casein, and fibrin, treated with fused hydrate of potash,

yield volatile ammoniacal products, leucine, tyrosine, volatile acids, and

non-crystallisable substances.

Solutions of proteides (albumin, fibrin, casein, glutin, legumin) in

potash yield iodoform when treated with iodine and bicarbonate ofpotash

(Millon, Compt. rend. 21, 828 ; J. pr. Chem. 37, 53).

Liquids containing albumin, fibrin, casein, or gelatin assume, on
addition of potassio-cupric tartrate, a fine violet colour like that of per-

manganate of potash. This colour is produced with very small

quantities of the albuminous substances, at least on heating. Acids
decolorise the solution, whereas alkalis restore the colour (Humbert,
N. J. Pharm. 27, 272 ; Kopp's Jahresber. 1855, 825). Solid albuminous
substances and their derivatives assume a deep violet-blue colour when
moistened with cupric sulphate and then with potash (Piotrowski,
Wien. Acad. Ber. 24, 335 ; Kopps Jahresber. 1857, 534). The skin of

the finger, feathers, silk, gelatigenous substances, yeast, and sponge,
likewise exhibit the violet coloration when moistened with cupric
nitrate and soda-ley (A. Vogel & Reischauer, N. Repert. 8, 529 ; Kopp's
Jahresber. 1860, 566). Ritthausen (J. pr. Chem. 85, 208 ; 99, 449 ;

102, 376) adds to the acetic solution of the albuminous substance a
little cupric sulphate, and then potash-solution, whereupon, if albumin,
casein, or legumin is employed, the violet colour appears. On dropping
the cupric sulphate into the alkaline solution and shaking, the precipi-
tate formed at first is redissolved with violet colour. In presence of

dextrin or sugar, the solution is coloured blue, without any precipitate
of cuprous oxide being formed. See also under Egg-albumin.

Protein substances (albumin, fibrin, casein, silk, wool, gelatin, horn)
added to a solution of 1 part of mercury in 1 part of nitric acid and 41

parts of water, produce an intense red coloration, which is increased by
warming. This is the case not only with the undissolved substances,
but also with their aqueous solutions, and more especially with solu-
tions in alkalis or sulphuric acid. Neither mercurous nitrate nor mer-
curic nitrate produces this coloration, except in presence of nitrous acid

(Millon, Compt. rend. 28, 40; Ann. Pharm. 72, 349). A solution of

mercuric oxide in nitric acid, not in excess, colours albuminous sub-
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stances orange (not red) on boiling, but after addition of a few drops
of highly diluted fuming nitric acid, the colour produced is a dark

purplish-red. The white precipitate produced on boiling albumin with
the mercuric solution likewise turns red on warming it, after washing
and drying, with a trace of impure nitric acid (Kiihne & Rudneff,
Virchoiv's Arch. 33, 71 ; Anal. Zeitschr. 4, 449). See also Lassaigne &
Labaillef {Ann. Chim. Pliys. 45, 435) who consider the presence of both
inercurous and mercuric salt to be necessary.

In contact with oil of vitriol and sugar, the protein substances albu-

min, casein, and globulin, and likewise the vegetable proteides, exhibit
a red coloration ; the gelatigenous tissues, under the same circum-

stances, acquire a dirty yellowish-red colour; chondrin, glutin, and
elastic fibre remain uncoloured. When the white of hens' eggs is

diluted with 5 parts of water, and oil of vitriol is gradually added to
the filtrate till the precipitate produced at first is redissolved, the further
addition of a few drops of a solution of cane-sugar produces a red to

deep-violet coloration, which becomes most intense in a quarter of an
hour. Ammonia (not in excess) throws down from the solution violet

flocks which, after washing, dissolve in oil of vitriol with purplish-red,
and in dilute sulphuric acid with violet-red colour. These flocks are

coloured violet by hydrochloric acid, and yellow by nitric acid ; they
dissolve in potash and ammonia (M. S. Schultze, Ann. Pharm. 71, 266).
See also xv, 322 and xviii. Koschlakoff & Bogomoloff (Anal. Zeitschr. 7,

514) distinguish these reactions from the similar reactions of the bile-

acids by means of the spectroscope.
Gastric juice, either artificial or natural, dissolves most proteides at

30 to 45, forming syntonin and laevorotatory peptones, which are not
thrown down by boiling with water. On the putrefaction of proteides, see

more particularly Casein.

On the behaviour of proteides with diastase, see Mulder (Scheik. Verhandel. en
OnderzoeJc. 2 Deel, 2 Stuk, OnderzoeJc. 130 ; Kopp's Jahresber. 1858, 536) : on their

behaviour with pigments, see Maschke (J. pr. Chem. 76, 37).

2. Mulder's Derivatives of Protein Substances.

a. Protein-oxide or Oxyprotein. Formed when chlorite of protein
is dissolved in aqueous ammonia.

This solution, the formation of which is attended with the evolution

of a large quantity of nitrogen, leaves on evaporation a residue soluble

in hot water, from which boiling alcohol precipitates oxyprotein, whilst

chloride of ammonium remains in solution.

Oxijprotein is a yellow powder which cannot be obtained free from

chlorine, even by repeated boiling with alcohol. It is soluble in water,
and the solution gives with sulphuric acid a white precipitate, which

disappears on heating. It dissolves in strong hydrochloric acid, form-

ing a solution which turns brown when heated. Nitric acid

converts it into xanthoproteic acid. It is dissolved by ammonia,
alkalis, and baryta-water. The aqueous solution is not affected by
ferrocyanide of potassium, but is precipitated by infusion of galls, and

by salts of silver, lead, iron (ferric salt), and copper ;
the precipitate

formed by acetate of copper contains 3'64 p.c. CuO. Oxyprotein is

insoluble in alcohol and ether. It contains, on the average (as prepared
from albumin or casein), 50-18 p. c. C., (5-67 II., 15-12 N., and 0'5 Cl.

(Mulder, J. pr. Chem. 20. 340).
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Van Laer (ScheiJeund. Onderzoek. 2, Stuk. 75 ; Berzel. Jahresber. 23,

617), who prepared oxyprotein with proteinchlorous acid from hair,
found 51-62 p. c. C., 6-67 H., and 15'07 N. On his bioxyprotein from

hair, see Horn-substance.

Subsequently (Berzel. Jahresber. 23, 595) Mulder regarded this de-

composition-product of proteinchlorous acid as identical with sub-

stances wThich he found in the animal body, and also prepared from
albumin and fibrin, and then described it as trioxyprotein, hydrate of
trioxyprotein, or bioxyprotein.

The oxyproteins occur in the blood, especially in that of the arteries,

and in Crusta inftammatoria. They are produced from fibrin by assimi-

lation of oxygen, which takes place either at ordinary temperatures or

on boiling with water, with access of air. Yeast contains a body
which may be converted into proteinchlorous acid and trioxyprotein.

Pyin is trioxyprotein (Berzel'. Jahresber. 24, 711) : boiled flesh contains

a mixture of bioxyprotein and fibrin.

When fibrin is submitted to prolonged boiling with water in contact

with the air, the portion remaining undissolved consists of bioxyprotein ;

on evaporating the solution to dryness and treating the residue with

alcohol, trioxyprotein remains behind. Trioxyprotein is C^N*!!2^13 or

C 40X 5H32 16
; its copper-compound is C40N 6H31Cu0 16 + C40X 5H32 18

. Ac-

cording to Schroder (Scheik. Onderz. 3, Stuk. 259 ; Berzel. Jahresber. 23,

598), the lead- and silver-compounds have a corresponding composition.
When trioxyprotein is dissolved in potash and precipitated by a

current of chlorine, the precipitate consists of trioxyproteinchlorous

acid, from which ammonia again produces trioxyprotein (Mulder, Berzel.

Jahresber. 23, 595. Scheik. Onderz. 1, 550; Ann. Pharm. 47, 300;
Berzel. Jahresber. 24, 654. J. pr. Chem. 44, 501).

Hoppe-Seyler (Virchow's Arch. 5, 171), by boiling dried serum-
albumin with water, under a pressure of 3 atmospheres, oblained a

turbid liquid behaving like Mulder's trioxyprotein. The epidermis of

Trepidonotus natrix, freed from connective tissue, yields by the same
treatment protein-oxide or a similar body. These bodies are therefore

formed without assimilation of oxygen (Hoppe-Seyler).

j8. Xanthoproteic acid. Previously noticed by Fourcroy & Vau-

quelin and by Berzelius (p. 258). Produced by the action of nitric

acid on protein-compounds.
Mulder digests in nitric acid for 24 hours, protein previously soaked

in water ; dilutes ;
filters ; washes the resulting lemon-yellow powder

till it becomes dark-yellow, whereby excess of nitric acid is got rid of ;

then dries, and frees the product from fat by boiling with alcohol and
water.

Xanthoproteic acid thus prepared is an orange-yellow powder con-

taining, on the average, 50-37 p.c. C., 6-60 H., 14-00 N., and 27-99 0.

It dissolves slowly to a red jelly in oil of vitriol ; and from this jelly
water throws down a compound of Xanthoproteic acid with sulphuric
acid, from which water removes the whole of that acid. The
solution in nitric acid is rendered colourless by boiling, with formation
of oxalic acid. The yellow solution in hydrochloric acid leaves on

evaporation a brown deliquescent mass. Xanthoproteic acid evolves
ammonia when boiled with excess of potash. It dissolves in ammonia,
forming a solution which, when evaporated, leaves the acid free from
ammonia. Chlorine passed into the red ainrnoniacal solution decolorises
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it and throws down yellowish-white flocks, which are lemon-yellow
after drying; according to Mulder, they contain chlorous acid, and

yield xanthoproteic acid when again treated with ammonia. The acid
is insoluble in water, alcohol, and ether. It dissolves in nitric acid, and
is precipitated from the solution by water. It forms a dark-red neutral
salt with potash ; neutral and acid salts of the heavy metals ; and an
insoluble lime-salt (Mulder, Berzel. Jahresber. 19, 561. J.pr.Chem.
20, 352).

Van der Pant (Scheikund. Onderzoek. 5, 2 Stuk. 136 ; Kopp's Jahresber.

1849, 507) obtained xanthoproteic acid of nearly the same composition
from albumin, cow-horn, horse-hoofs, blood-fibrin, cheese, wool, horse-

hair, and protein from albumin or horn, by submitting these bodies to
more or less prolonged digestion with nitric acid, washing the undis-
solved residue, treating it with ether, and drying at 130. It forms an
ammonia- salt which is decomposed at 130, leaving unchanged xantho-

proteic acid
;
a soluble baryta-salt containing 12-7 to 13'1 p. c. BaO

; a

green, insoluble copper-salt containing 12'9 p. c. CuO ; and a yellow,
insoluble lead-salt containing 14/0 p. c. PbO.

XantJioproteic acid, according to van der Pant.

a'

C
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104). Van Laer (Scheikund. Onderz. 2, Stuk. 75 ; Berzel Jahresber. 23,

617) obtained his proteinchlorous acid by treating clean human hair for

a week with chlorine under water, whereby it was bleached, but still

retained its form. Proteinchlorous acid is not obtained by the action

of chlorous acid on albumin (De Vrij, Ann. Pharm. 61, 248) ; moreover,
the presence of chlorous acid in it has not been proved ; neither is it

probable.
Proteinchlorous acid dissolves in oil of vitriol, forming a colourless

solution, from which water throws down white flocks. It dissolves

slowly in nitric acid, without forming- xanthoproteic acid ; and in hydro-
chloric acid after some days, forming therewith a colourless liquid.
On dissolving it in ammonia, a large quantity of nitrogen is evolved,
and the solution contains chloride of ammonium and trioxyprotein.

On dissolving proteinchlorous acid in baryta-water, removing excess
of baryta by means of carbonic acid, and precipitating the solution with

alcohol, the barium-salt of Mulder's chloroxyproteinic acid is formed,

together with chloride of barium. The acid forms insoluble salts with

cupric and ferric oxides. The baryta-salt contains 44*24 to 45*87 p. c. C.,

5*75 H., 1-70 01., and 11*69 BaO., besides nitrogen and oxygen. The

copper-salt contains 3*48 to 3*87 p. c. CuO. ; the ferric salt 2*37 p. c.

Fe2 3
. (Mulder, J. pr. Chem. 20, 340).

3. Individual Protein Substances.

Myosin.

W. KU'HNE. Untersiichungen uber das Protoplasma und die contractile

Substanz. Leipzig, 1864,2. Lehrbuch der physiologischen Cliemie,

Leipzig, 1866, 272.

Discovered and investigated by Kiihne.
Forms one of the chief constituents of the juice of muscles coagu-

lated by rigor mortis. Muscle-plasma, i.e., the fluid contents of the
elastic sheath of striped muscular fibre (the sarcolemma), when dropped
into water, breaks up into myosin, which is precipitated, and muscle-

serum, which remains in solution (Kiihne).
The yolk of eggs, the crystalline lens, and the fluid of some cysts

contain albuminous substances, insoluble in water, soluble in not too

strong solutions of chloride of sodium, and probably identical with

myosin ;
but it is not possible to precipitate them from their solutions

by saturation with chloride of sodium (Hoppe-Seyler, Anal. Zeitschr.

3, 429).

Preparation of Muscle-plasma. Owing to the speedy occurrence of

rigor mortism warm-blooded animals, the muscle-plasma can be obtained
in an unaltered state only from cold-blooded animals, and by the employ-
ment of intense cold. The animals (frogs are the best) are bled to death,
and a solution of common salt containing 0*5 per cent, is injected into the
aorta, till colourless liquid flows from the veins. The muscles are then
detached in such a manner that only the tendons are cut, washed with
the same salt-solution, cooled to 0, to remove the lymph still contained
in them, and then exposed to the temperature of - 7, until they can
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be cut into fine shavings with a cooled knife. These shavings are

triturated to a snow-like powder in a cooled mortar, tied up in strong
linen, and placed in a press at the ordinary temperature. The frozen

mass thaws below 0, and as it does so, the muscle-plasma flows away,
and maybe filtered, though with difficulty, by employing cooled funnels

and filters wetted with ice-cold solution of salt.

Muscle-plasma thus obtained is a syrupy, not ropy but limpid, dis-

tinctly alkaline liquid, remaining fluid for a long time below 0, but coagu-
lating in two or three hours at ordinary temperatures, and immediately at

40, to a solid gelatinous mass, which is resolved by pressure into

myosin which remains behind, and muscle-serum which flows away.
Solution of sodium chloride and very dilute acids also cause muscle-

plasma to coagulate instantaneously.
To prepare myosin, the muscle-plasma is slowly dropped into water,

whereupon each drop solidifies to an elastic globule, and the precipitate
is washed with water. Or flesh, previously washed with water and

chopped fine, is triturated with common salt to a pulp, which is diluted

with so much water that the solution contains 10 per cent, of salt, and
allowed to stand at the temperature of 24, then pressed through linen

and filtered. From the yellow syrupy filtrate thus obtained water pre-

cipitates the myosin.
Myosin is neutral after washing with water. In neutral or slightly

acid solution it decomposes peroxide of hydrogen in the cold
;
at 55

the decomposition is less rapid, and at 60 it ceases altogether (Gianuzzi,
Virchow's Arch. 34, 443). It is insoluble in water, but easily soluble in

very weak acids, so that the globules of myosin formed on dropping
muscle-plasma into hydrochloric acid containing O'l p. c. dissolve in

the liquid on agitation (Kuhne). Its solutions, when heated, coagulate
the more easily the more acid they contain (Hoppe-Seyler). When
thus dissolved, the myosin passes into syntonin, though only gradually,
the precipitate produced by carbonate of soda in a freshly-prepared
solution still containing myosin, while that produced in a solution which
has been prepared some time consists solely of syntonin (Hoppe-Seyler).

Myosin dissolves in very weak solutions of caustic alkali and their

carbonates, and in lime- and baryta-water, being thereby converted into

albuminate. It dissolves very easily in solutions of sodium chloride

containing 5 to 10 per cent, of the salt, and is precipitated therefrom

on dilution with water ; on saturating the solution with powdered salt,

the myosin separates unaltered, and rises to the surface in flocks (Denis,

Kiihne). The chloride of sodium solution of myosin does not coagu-
late when kept, but when heated to 55 or 60, it deposits altered

myosin, which no longer dissolves in chloride of sodium solution,

scarcely swells up in hydrochloric acid of 0*1 p. c., and is converted

thereby into syntonin only after long standing and heating (Kiihne).
The solution is coagulated by alcohol (Hoppe-Seyler).

The liquid expressed from the pulped muscle is fCiihue's muscle

serum. It may be obtained also by exhausting with water muscles

free from blood in the state of rigor mortis, and it remains in solution

when muscle-plasma is dropped into water, and the resulting myosin is

separated by filtration.

The serum has an alkaline or neutral reaction when the pulp is

made very quickly, but becomes acid on standing for a few hours at

ordinary temperatures. It contains a compound of albuminate of

potash with phosphate of soda, besides two other albuminous sub-



268 PROTETDES.

stances, and on this account coagulates either at 25 to 30, in presence
of a large quantity of free acid, or at 45 when alkaline, neutral, or

but slightly acid ;
in either case there remains in solution some albumin.

which coagulates at about 75 (Kiihne, Untersuch. 12).

Syntonin.

LIEBIG. Ann. Pharm. 73, 125
; Pharm. Centr. 1850, 269 ; Chem. Gaz.

1850, 169; Kopp's Jahresber. 1849, 489.

LEHMANN. Physiolog. Chemie. 2, Aufl. 1, 345.

KUHNE. Untersuchungen uber das Protoplasma, Leipzig, 1864, 15.

HOPPE-SEYLER. Anal Zeitschr. 3, 428; Krit. Zeitschr. 1864, 737;
Kopp's Jahresber. 1864, 615.

EICHWALD. Wurzburg. medic. Wochenschrift, 5, 356 ; Petersb. med.

Zeitschrift, 15, 239 ; Chem. Centr. 1859, 561.

Fibrin of muscular fibre, Muscle-fibrin, Musculin. Discovered by
Liebig ;

named by Lehmann. Kiihne showed that syntonin does not

exist ready-formed in fresh alkaline muscular fibre, but is formed from
the myosin contained therein.

P Formation. By dissolving myosin (p. 266) in very dilute hydrochlo-
ric acid (Kuhne). The flesh-fibres of poultry and of the ox yield
almost exclusively syntonin ; mutton contains more, and veal much
more than half its weight of substances insoluble in hydrochloric acid,

which are elastic, white, and softer and more gelatinous than soaked

blood-fibrin (Liebig). Lehmann obtained syntonin from the smooth
muscles of the stomach, intestines, and bladder, and from almost all

contractile tissues.

At the present time, in accordance it would seem with Kiihne's

precedent, the products resulting from the action of dilute acids on
soluble or coagulated albuminous substances and on fibrin are all

reckoned as syntonin. According to Hoppe-Seyler, water throws down

hydrochlorate of syntonin from solutions of all albuminous substances

in strong hydrochloric acid.

Syntonin occurs in blood (Eichwald) ;
in the fluid of the stomach,

probably as the first product of the action of the gastric juice on albu-

minous substances. In artificial digestion it is formed before peptones.
See further under Serum-albumin and Peptones.

Bouchardat's albuminose appears to agree partly with syntonin. It

is obtained by treating blood-fibrin, egg- or serum-albumin, casein, or

glutin with water containing -a^ro tn f hydrochloric acid, which, when
fibrin is employed, leaves epidermose undissolved. The solution is

Isevorotatory, scarcely reddens litmus, becomes turbid when heated,
and is precipitated by hydrochloric or nitric acid, the precipitate redis-

solving in a large excess of acid. It is precipitated by tannic acid,

mercuric chloride, and ferrocyanide of potassium. This albuminose is

regarded by Bouchardat as a ready-formed constituent of the sub-

stances from which it is derived (Bouchardat, Compt. rend. 14, 962 ;

Ann. Pharm. 43, 120). According to Mulder & Baumhauer (Ann.
Pharm. 47, 321) it contains, after precipitation with carbonate of

ammonia and exhaustion with alcohol, 52-92 p. c. C., 6-81 H., and
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15'88 N. ; according to Verdeil, it contains 1'52 p. c. of sulphur (Ann.
Pharm. 58, 317). According to Mulder, it is protein binoxide.

Preparation. 1. Very finely-chopped flesh is freed from soluble

constituents by exhausting it with water and pressing ; and the white
tasteless residue is treated with water containing 0-1 p. c. of hydro-
chloric acid. The flesh is thereby dissolved to a thickish liquid rendered
turbid by fat, which is filtered and precipitated by neutralising it with
ammonia (Liebig). 2. Fibrin or coagulated egg-albumin is dissolved

in fuming hydrochloric acid
;
the filtrate is precipitated with water ;

and the precipitate is collected, pressed, dissolved in water, and again

precipitated by careful addition of soda (Hoppe-Seyler).

Properties. Syntonin forms a moist, coherent, somewhat elastic

white mass (Lehmann) ;
when freshly precipitated, gelatinous flocks

(Hoppe-Seyler). Rotates a ray of polarised light to the left;

[a] S =. 72 in faintly acid or faintly alkaline solution ; 84*8 after

heating to 100 without access of air (Hoppe-Seyler).

Dried at 120 (Strecker).
Fowl. Ox. Sheep.

C 54-46 53-67
N 15-84 16-26

H 7-28 7-27

S 1-21

Ash. 1-40 1-07

Walther (Dissert. Leipsic, 1851) found 1-6 p. c. of sulphur. Bodeker

(Ann. Pharm. Ill, 195) gives the formula C U4N 18HmS042
.

Syntonin is insoluble in water. When syntonin is boiled for 80
hours with frequently renewed water, with access of air, or when it is

heated to 108 with water for eight hours, a yellow not swollen residue

remains undissolved, and the colourless acid solution contains bodies

precipitable by tannic acid, one of which, precipitable also by acids and
soluble in excess of acid, is Meissner's parapeptone ; the other body, not

precipitable by acids is his syntonin-peptone. Besides these, lactic acid

and creatinine, recognisable by the microscope, are produced (Meissner,

Zeitschr.fur ration. Medicin (3) 10, 18).

Syntonin dissolves easily in hydrochloric acid of O'l per cent.

(Liebig). The solution is effected with the more difficulty the longer
the syntonin is washed or kept moist, even though putrefaction is pre-
vented by means of cold (Ktihne). The solution is rendered opalescent

by excess of hydrochloric acid (Lehmann). It does not coagulate on

boiling ;
but when syntonin is boiled with water, it becomes insoluble,

or soluble with difficulty, in hydrochloric acid of O'l per cent. (Kiihne).
The slightly acid solution is almost without action on peroxide of

hydrogen (Giannuzzi, Virchow's Arch. 34, 443).

Syntonin does not dissolve in an aqueous solution of nitrate of

potash containing 6 per cent, of the salt, nor in solutions of chloride of

sodium, dilute or concentrated ; moreover, chloride of sodium and other

salts throw down from its solution in hydrochloric acid, a curdy pre-

cipitate soluble in a large quantity of water (Liebig). Chloride of

sodium, chloride of ammonium, sulphate of soda, sulphate of magnesia,
and chloride of calcium render cold dilute solutions of syntonin turbid,

and form with strong solutions a thick jelly, from which white flocks

are deposited on boiling (Kiihne).
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Syntonin dissolved in hydrochloric acid coagulates, when the solution

is neutralised, to a thick white jelly which dissolves easily in excess of

alkalis (Liebig). Moist syntonin is easily soluble in aqueous ammonia.
The solution is not precipitated by carbonic acid, or by the addition of

other acids to neutral or acid reaction ; it is completely coagulated
by heat when exactly neutralised, but incompletely when a slight
excess of acid or alkali is present. The liquid coagulable by heat is

also precipitable by water. An ammoniacal solution, strongly acidified

with acetic acid, is completely precipitated by mixing it with an equal
bulk of a solution of sodium chloride (Eichwald).

Syntonin dissolves in very dilute solutions of alkaline carbonates

(Kiihne) ; in moderately strong carbonate of potash it swells up to a

jelly which dissolves only after considerable dilution (Lehmann).
The solution in aqueous carbonate of soda containing 1 p. c. of

the salt does not coagulate on boiling (Kiihne). The alkaline solution

is precipitated by nitric acid (Lehmann), and by carbonic acid, even in

presence of alkaline phosphates (Hoppe-Seyler ; Eichwald). Sulphate
of soda scarcely precipitates the solution in carbonate of soda, even on

boiling; but chloride of sodium, chloride of ammonium mixed with

sulphate of magnesia, and chloride of ammonium alone (which salts

render the solution only slightly turbid in the cold) throw down solid

white flocks on boiling (Kiihne). Chloride of calcium and sulphate of

magnesia precipitate the alkaline solution only on boiling, but after

the solution has been heated to the boiliug point, they precipitate it

even in the cold (Lehmann).
The precipitate produced by neutralising aqueous hydrochlorate of

syntonin dissolves in lime-water if it has not been boiled with water.

The solution coagulates on boiling like diluted albumin (Liebig). A
solution of syntonin in lime- or baryta-water froths strongly when
boiled ;

on prolonged boiling the froth is deposited in the form of

transparent flocks, without much syntonin being precipitated. The
solution is precipitated by chloride of sodium at the boiling heat but

not in the cold : sulphate of soda causes no precipitate even on boil-

ing ;
chloride of ammonium produces a slig-ht precipitate in both cases ;

sulphate of magnesia and chloride of calcium precipitate only the hot

solution. These reactions are not altered by boiling the syntonin
solution and then leaving it to cool (Kiihne).

Syntonin forms with strong acetic acid a jelly which does not

dissolve completely in water (Hoppe-Seyler).

Platinocyanide of potassium throws down from a solution of syn-
tonin in hydrochloric acid a precipitate which, after washing with

water till it is free from acid, sets in a coherent mass over the water-

bath and turns brown on drying. The percentage of platinum in the

substance varies with the time of washing ; after drying at 100 to 110

it contains from 3*91 to 4*20 per cent. (Diakonow, Tubing, medic.-chem.

Untersuch, 1867, 1, 228). Platinocyanide of potassium throws down
from acetate of syntonin a transparent jelly which quickly coagulates
in flocks, becomes dense when heated, dissolves easily in mineral acids

and in excess of the precipitant, and after drying at 110 contains

5'54 per cent, of platinum (Schwarzenbach, Ann. Pharm. 144, 68).

Ferrocyanide of potassium throws down from acetate of syntonin
a precipitate free from potash, 1580 parts of syntonin being precipi-
tated by 211 parts of the ferrocyanide (or by 108 parts of hydroferro-

cyanic acid) (Bodeker, Ann. Pharm. Ill, 195).
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Osmazome. Obtained by Thenard by exhausting flesh with water,

evaporating the extract, treating the residue with alcohol, and evapo-
rating the alcoholic liquid. It was pointed out even by Berzelius

(Lehrb. 3 Aufl. 9, 575) that osmazome is a mixture of many substances
and the same thing as an alcoholic extract of flesh. See Thenard (Traite,
4 ed. 4, 643) ; Yauquelin (Ann. Chim. 81, 37, and 85, 5) ; Mitscherlicli (Pocjg. 40,

127). The pseudotoxin of Brandes (N. Tr. 11, 2, 71) from belladonna,
and the fungus osmazome of Biltz (N. Tr. 11, 2, 71) from Lycoperdum
cervinum are mixtures similarly prepared.

Paraglobin.

PANUM. Vircli. Arch. 3, 251 ; 4, 17, and 19.

DENIS. Memoire sur le sang, Paris, 1859, 37 and 181.

AL. SCHMIDT. Mullens Arch. 1861, 545 and 675 ; 1862, 428 and
533.

E. BRUCKE. Wien. Acad. Ber. 2 Abth. 55, 881 ; Chem. Centr. 1867,
999.

EICHWALD. Petersb. medic. Zeitschr. 15, 239 ; Chem. Centr. 1869, 561 .

Serum casein (Panum) ; Serin [Denis) ; Globulin or Fibrino-plastic
substance (Schmidt) ; Paraglobulin (Ktihne) ; Paraglobin (Briicke).

Paraglobin, precipitable by acids from blood-serum diluted with water,
was observed by Scherer, Lehmann, Zimmermann (Mutter's Arch. 1854,

377), and Guillot & Leblanc (Compt. rend. 31, 520, and 585) previous
to Panum's investigation. It was distinguished from serum albumin and
more minutely examined by Parmm, who called it serum casein. Accord-

ing to Al. Schmidt, it forms fibrin by contact with a second body, the

fibrinogenous substance ; but this view appears to have been rendered
untenable by the researches of Briicke and Eichwald. See Fibrin.

Paraglobin occurs in blood, not only in the serum (Panum), but also,
and in especial abundance, in the red blood-corpuscles ; also in the
fluid of connective tissue, in the cornea, and in many other parts of the

animal body (Schmidt). According to Eichwald, it occurs also in the

pericardial fluid, in which, however, Schmidt found none, or very little.

According to J. C. Lehmann ( Virchow's Arch. 36, 125) it is present in

albuminous urine.

The serin of Denis, which Hoppe-Seyler (Handbuch. 184) regards as serum

albumin, seems rather to belong to this place. It remains in solution in plasma after

the separation of plasmin by means of sodium chloride ;
in serum after the sepa-

ration of fibrin; and in whey after the separation of casein by sulphate of mag-
nesia.

Denis agitates serum with one-third of its volume of cold ether, so long as a

coagulum continues to be deposited ; evaporates the filtrate at 40 to 50
; and re-dis-

solves the residue in the original volume of water. From this solution, diluted to

ten times its volume, a few drops of very dilute hydrochloric or acetic acid precipi-
tate the serin, which is to be separated from the supernatant liquid on the following

day. Or, he saturates either plasma freed from plasmin with sulphate of soda at

40 to 50, or serum freed from fibrin with sulphate of magnesia at 50 ; collects the

resulting precipitate at 50 ; dissolves the soft white mass remaining on the filter in

water ;
and precipitates the solution by largely diluting it, or better, by adding a few

drops of very dilute hydrochloric acid. Serin is insoluble in water, but soluble in

aqueous solution of sodium chloride ;
it is not converted into fibrin by agitation,

neither is it coagulated by ether. It is coagulable by heat and by alcohol, and is quite
insoluble in boiling weak spirit (Denis, Memoire sur le sang, Paris, 1859, 37, and 181).
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Preparation of Paraglobin. Horse blood is maintained in the

fluid state by means of a freezing mixture, till the corpuscles have sepa-
rated from the plasma ;

the latter is decanted and allowed to coagulate ;

the serum, free from corpuscles, thereby separated is diluted with
12 times its volume of very cold water; and a current of carbonic acid

gas is passed through it. The solution becomes turbid at first, and
after some hours deposits flocks, which are collected, dissolved in

water, with addition of a few drops of very dilute soda-ley, and re-

precipitated by carbonic acid (Schmidt).
Serum is rendered turbid, even by dilution with 10 to 20 parts of

water, and on standing for 24 hours deposits paraglobin in the form
of a white precipitate (Panum). When the solution is diluted with

100 parts of water, carbonic acid throws down not only paraglobin,
but also a part of the syntonin, which remains undissolved on treating
the precipitate with chloride of sodium (Eichwald).

Precipitated paraglobin forms microscopic, colourless, amorphous
granules. It dissolves to a very slight extent in water, and is depo-
sited from the solution on standing for a few hours (Schmidt). When
heated to 135 with water, for five hours, it acquires a yellowish-brown
colour, and forms a yellow, scarcely acid solution, which is precipitated

by nitric acid, neutral acetate of lead, sulphate of copper, corrosive

sublimate, and tannic acid, but not by alcohol, and very slightly by
acetic acid. Millon's mercury-solution and potassio-cupric tartrate

show the presence of proteides, whereas peptones are absent (Werner ;

Schmidt, Anal. Zeitschr. 8, 132). Paraglobin, in neutral or slightly
acid solution, decomposes peroxide of hydrogen in some cases, but not

in all (Giannuzzi, Virchows Arch. 34, 443).

Paraglobin dissolves very easily in dilute acids [slightly in water

containing carbonic acid (Eichwald)], in caustic alkalis, and their car-

bonates and phosphates, and in aqueous solutions of neutral salts, espe-

cially chloride of sodium, chloride of ammonium, sulphate of magnesia, and
the chlorides o

f calcium and barium (Panum). It forms with potash-ley a

gelatinous albuminate, precisely as does egg-albumin (Briicke).
It is precipitated from its solution in acetic or phosphoric acid (see

below) by chloride of sodium, chloride of ammonium, acetate, andphosphate
of soda, chloride of calcium, and sulphate of magnesia (Panum).

On dissolving paraglobin in alkaline water, a feebly alkaline, some-
what opalescent liquid is obtained, which, when dried in a vacuum,
leaves paraglobin, soluble with difficulty in water, but otherwise
unaltered. The solution becomes covered with a pellicle of casein

when evaporated ; it is not precipitated by heat, and after being heated
and allowed to cool, it exhibits no alteration of character, except that

it is no longer fibrinoplastic. (According to Eichwald, however, acids

throw down from a boiled neutral solution of paraglobin in alkalis,
after cooling, a coagulum, which is insoluble in acids.) When whipped
with a glass rod, the solution deposits part of the paraglobin, which
is afterwards nearly insoluble in acids and alkalis (Schmidt).

Solutions of paraglobin containing excess of acid behave in the
same manner as alkaline solutions when heated ; but on heating para-
globin suspended in water, it collects together in large tough flocks,
which dissolve in strong acetic acid or strong alkali on boiling only
(Schmidt).

Carbonic and other acids precipitate faintly alkaline solutions of

paraglobin the more completely the more dilute they are. The pre-
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cipitate produced by carbonic acid dissolves gradually on passing
1

oxygen
or air through the solution ; that produced by other dilute acids some-
times dissolves under the same circumstances, but only in presence of

a slight excess of the acid, the precipitate reappearing when the solu-

tion is neutralised. Paraglobin is precipitated by strong mineral acids,
but not by acetic acid (A. Schmidt). Glacial acetic acid forms with moist

paraglobin a cloudy jelly, which gives with water a turbid solution,
not rendered clear by boiling ; weaker acetic forms therewith a transpa-
rent jelly (Briicke). A solution of paraglobin in acetic acid, when
boiled for 10 or 15 minutes, forms Eichwald's acidalbumin ; the solu-

tion is no longer coagulable by neutralisation, even when heated, but
it is precipitated by chloride of sodium and acetic acid (Eichwald).

Paraglobiu dissolves somewhat less freely in aqueous monocarbon-
ates of the alkalis than in the caustic alkalis ; still less freely in bicar-

bonates of the alkalis, and least of all in neutral salts. These last

solutions are precipitated by dilution with water, more especially if a

current of carbonic acid be passed into the solution at the same time,
or acetic acid dropped into it (Schmidt). The solution in a half-satu-

rated solution of sodium chloride is precipitated by acetic, but not by
carbonic acid ;

the solution in faintly alkaline water is not precipitated

by these or by other acids, after addition of chloride of sodium. Agi-
tation with excess of chloride of sodium partially precipitates the

paraglobin, without causing it to coagulate (Eichwald).
Solutions of paraglobin in neutral salts coagulate like solution of

albumin when boiled (Eichwald). On heating such solutions, or slightly
acid or alkaline solutions, to which neutral salts, even in small quantity
only, have been added, precipitates insoluble in acids and alkalis are

produced. On the other hand, solutions of paraglobin into which a

current of oxygen is passed are not precipitated by heat, even in

presence of acetate of soda (Schmidt).
A solution of paraglobin in half saturated aqueous chloride of sodium

is not precipitated by carbonic acid. Alkaline (and acid) solutions of

paraglobin are no longer precipitated by carbonic acid, after being
mixed with an equal volume of saturated solution of sodium chloride

(Eichwald).
A solution of paraglobin in phosphoric acid of 1 p. c. is not precipi-

tated by heat, or by carbonic or acetic acid, but it gives with caustic

soda an abundant precipitate soluble in excess of soda. Paraglobin
dissolved in monophosphate of soda is not precipitated on neutralisa-

tion
; nitric acid throws down from the solution a precipitate soluble

in excess
; the precipitate produced by heating the solution dissolves

but incompletely in caustic soda. On dropping a faintly alkaline solu-

tion of paraglobin into excess of a dilute solution of monophosphate of

soda, a turbidity is produced, which disappears on agitation at first, but
afterwards becomes permanent while the solution is still acid, and does
not disappear completely on adding paraglobin till the mixture becomes
alkaline. Concentrated solution of monophosphate of soda is rendered

permanently turbid only by a very large quantity of solution of para-

globin. Alkaline solutions of paraglobin mixed with chloride of sodium,
or ordinary neutral phosphate of soda, are not affected by monophos -

phate of soda.

With metallic salts paraglobin behaves in the same manner as albu-

min, but the precipitate produced by sulphate of copper does not
dissolve in excess of the precipitant (Schmidt). Briicke found as

VOL. XVIII. T
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follows : A solution of fibrinoplasmin in chloride of sodium, or in

caustic potash not in excess, gives with excess of sulphate of copper,
a perfectly clear solution ;

but in presence of excess of potash, the solu-

tion is rendered turbid by hydrate of copper, the turbidity disappear-

ing however on the addition of more potash or of gtyceriii.

Paraglobin is not precipitated from its solution in acetic acid by
ferrocyanide of potassium. Paraglobin is insoluble in alcohol and ether,

'which liquids do not affect its chemical behaviour or its fibrinoplastic

property (Schmidt). Paraglobin, which appears like birdlime when col-

lected on a filter, contracts and becomes insoluble in cold acetic acid

when alcohol is poured upon it (Panum). Alkaline or acid solutions

are precipitated by alcohol (but not by ether) only when highly con-

centrated, or after addition of neutral salts (Schmidt).

Serum Albumin,

BERZELIUS. Lehrb. 3, Aufl. 9, 31.

MULDER. Pogq. 40, 277.

GOLDING BIRD.' Phil Mag. [3] 1836, 109; 1837, 84; J.pr. Chem. 9,

32 ; 10, 308.

DUMAS & CAHOURS. N. Ann. Chim. Phys. 6, 404.

SCIIERER. Ann. Pharm. 40, 1.

RULING. Ann. Pharm. 58, 310.

HoPt-E-SEYLER. Krit. ZeitscJir. 1864, 737 ;
Anal. Zeitschr. 3, 424

;

Kopp's Jahresber. 1864, 614.

See further the memoirs referred to under Paraglobin.

Serumehueiss. Blutalhimin. Formerly regarded as identical with

egg albumin.

The albuminous substance thrown down in flocks on heating the

blood-serum of vertebrate animals, and by similar treatment of lymph,
chyle, serum, serous fluids, or muscle-serum, forms the serum albu-

min (blood albumin) of the older chemists. Panum's investiga-
tions revealed the presence of two albuminous bodies precipitable

by heat under certain conditions, and in accordance therewith, serum
casein (paraglobin) and serum albumin were regarded as distinct sub-

stances. Kiihne supposes serum to contain also albuminale of soda,
so that, according to him, three bodies must be distinguished, viz.,

paraglobin, precipitable by carbonic acid
; albuminate, precipitable by

acetic acid ;
and serum albumin, precipitable bj heat. Briicke now

again identifies paraglobin with serum albumin, and regards serum as

containing only one albuminous substance, but distinguishes between
native and modified albumin

;
whereas Eichwald's researches seem to

show that serum contains not only paraglobin, but also syntonin. The
so-called soluble serum albumin would appear, therefore, to be a

mixture of these two substances, or, more exactly, of paraglobin and

S3
rntonate of ammonia. Remembering, however, the experiments of

Briicke and J. C. Lehmann on the influence exerted by even very small

quantities of acetic acid on the properties of egg albumin, and also

the fact of the presence of salts in serum, the pre-existence of syntonin
in serum seems to require further proof (Kr.).
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Serum albumin occurs, not only in the liquids mentioned above, but
also in the fluids of many pathological cysts, in albuminous urine

(which, however, according- to J. 0. Li-limaim, contains paraglobin),

abundantly in colostrum, and in small quantity only in milk.

The presence of albumin in milk is affirmed by Quevenno (A
7
". J. /'///, ,/,'. '1 I, 9!) ;

Doyere (Arch. phys. nat. 22, 239) ;
Girarclin (ZV. J. Pharm. 23, 401

;
J. pr. Chem.

60, 124) ; Morin (N. J. Pharm. 25, 423
;

J. pr. Chem. 62, 509) ; B5deker ^ Si i-uck-

nmnn (Ann. Pharm. 97, 150) ; Heynsius (Schmidt's Jahrli. tier //.?. Med. 95, 11,1) ;

Trommer (ibid. 103, 5). Hoppe-Seyler distinguishes albumin from casein in the
manner Avhich will be described under Casein. For Liebcrkiihn's objections to the

occurrence of albumin in milk, see Pogg. 86, 298). Commaille (Eecuell des memoires
de med. milifaire [3], 17, 145 and 249; Chem. Centr. 1867, 588) distinguishes this

albumin as lactalbumin. It dissolves in dilute ammonia-water more freely than egg
albumin, and much less freely than casein. The orange-yellow platinu-r.-compound
contains 8'27 p. c. of platinum (Commaille).

Preparation. According to the older methods, coagulated serum
albumin is obtained either by boiling (more advantageously with addi-

tion of not too much acetic acid or of chloride of ammonium), or by
precipitating with alcohol, and is purified by washing and boiling with
alcohol and ether.

Soluble serum albumin cannot be obtained free from alkali, acids,
or salts, either by precipitating with basic acetate of lead, washing,
and decomposing the precipitate with carbonic acid (whereby a solution

containing acetic acid is obtained) (Lehmann ; Scherer), or by dialysis.
On attempting to diffuse out the acid from a solution of serum albumin
acidified with acetic acid, by leaving it for four weeks in a dialyser at

0, it is found that long after nothing but mere traces of salts has

passed through into the water, the solution has deposited large flocks,
which on examination prove to be serum albumin free from ash, but
insoluble in water. The remaining solution still contains salts amount-

ing to 1 p. c. of the solid constituents ; a portion of the serum albumin
remains unaltered, whilst a small portion is converted by the acetic

acid into syntonin or acid-albumin (Kiihne, Physiol. Chem. 179).

The serum albumin of Hoppe-Seyler and Kiihne is obtained as

follows : Blood-serum or the fluid of hydrocele is diluted with twenty
times its volume of water, and acetic acid is cautiously dropped into

the solution ; or a prolonged current of carbonic acid is first passed
into the solution, and the albuminate of soda remaining in solution is

then decomposed by acetic acid. After standing for 24 hours, the

liquid is filtered and concentrated to a small bulk at 40 (according to

Kiihne after first adding carbonate of soda to restore the original
alkaline reaction); and the residue is freed from the greater part of the

salts contained in it by dialysis.

Eichwald's method of analysis of serum, by which he endeavours
to prove the non-existence of a soluble serum albumin differing from

paraglobin, is as follows :

1. When blood-serum, diluted with ten times its bulk of water, is

treated with carbonic acid, a finely pulverulent white precipitate of

paraglobin is thrown down, and may be obtained pure by draining it ;is

completely as possible on a filter, and washing with water till the

filtrate is not rendered turbid either by nitrate of silver or by ferro-

cyanide of potassium acidified with acetic acid.

2. On cautiously adding to the liquid filtered from paraglobin. very
T 2
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dilute acetic acid to distinctly acid reaction, loose brown flocks are

deposited, increasing in quantity with the addition of acid up to that

degree of acidity at which the fluid coagulates so completely on boiling,
that the filtrate is not precipitated either by nitrate of silver or by ferro-

cyanide of potassium acidified with acetic acid. These flocks are

syntonin.

3. The liquid filtered from both the above precipitates still contains

a large quantity of coagulable substance, which is deposited in the
form of a dirty-white precipitate, when the liquid is again largely
diluted and allowed to stand for a day or two ;

it is almost completely
precipitated on diluting the liquid to 400 or 500 times the bulk of the

original serum, and adding rather more acid than is stated above. This

precipitate is also syntonin.

4. The liquid thus treated at the proper degree of acidity, is now
free from all but traces of coagulable substance, but contains albumin-

peptone, which may be obtained by precipitating the remaining syntonin
completely at the boiling heat, concentrating the filtrate, and precipi-

tating the residue with absolute alcohol.

5. Inasmuch as blood evolves ammonia when warmed till it coagu-
lates, and even at ordinary temperatures, and a solution of syntonin in

ammonia likewise coagulates on boiling and is not precipitated by
neutralisation with acids, it seems probable that the syntonin in the blood
is present as syntonate of ammonia. The coagulation of a solution of

serum-albumin would in that case depend upon the deposition of syn-
tonin from the ammonia-compound, owing to loss of ammonia.

6. Further, when serum, freed from paraglobin and diluted with ten
times its volume of water, is acidified with so much acetic acid that it

no longer coagulates on boiling, but is completely precipitable by ferro-

cyanide of potassium, and is then mixed with an equal bulk of a
saturated solution of chloride of sodium, syntonin is precipitated.

7. When serum, diluted with ten times its bulk of water and of the

proper degree of acidity, is shaken up with mercury or collodion, a

precipitate is produced, from which solution of sodium chloride takes up
paraglobin, whilst carbonate of soda takes up syntonin (Eichwald).

Properties. Serum albumin is a pale-yellow, brittle, translucent

mass, turning moist in the air. It exerts a left-handed action on

polarised light, [a] 8 = 56 : acetic and hydrochloric acids increase
the rotatory power; potash-solution increases it to 86 (Hoppe-
Seyler).

Dumas &
Scherer. Cahours. Baumhauer.
dried at dried at dried at

Mulder. 100. Bence Jones. 140. 120.
C. ....... 54-09 54-50 54'80 53'54 54'4
N 15-65 15-68 16'31 15'82 15'8
H .... 7-10 7-03 7-19 7-08 7"0
S 0667 1-5
Ash.... 1-27 2-81 . 2-63 , 0"37
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Wciclenbusch. Ruling.
a. b. dried at 100, dried at 140.

C 52-57 53-18 50-81 5311
N 16 57 15-75
H 7'29 7-03 7'09 7-01
S 1-59 1-56 1-38

Ash .... 0-20 0-19 1-3

Mulder's serum albumin from human blood contained 0'33 p. c. of

phosphorus. Scherer analysed albumin from blood ; Bence Jones (Ann.
Pharm. 40, 67), albumin prepared from calf's brain. Dumas and
Cahours analysed albumin from the serum of sheep's blood, and also

from ox, calf, and human blood, with almost identical results.

Baumhauer (Scheik. Onderzoek. 4, 322 ; /. pr. Chem. 45, 120 ; Kopp's
Jahresber. 1S47 and 1848, 841) and Weidenbusch (Ann. Pharm. 61,
370 ; Kopp's Jahresber. 1847 and 1848, 840) prepared the albumin from
flesh. The former chemist coagulates a cold aqueous extract of

chopped fish-flesh at 50, exhausts the coagulum with boiling water,
alcohol, and ether, and dries at 120. As thus prepared from soles, it

contaius 1-0 p. c. of ash, 1-03 sulphur, and 0'72 phosphorus; from cod-

fish, 0*5 p. c. of ash, 1*31 sulphur, and no phosphorus. The albumin

employed for analysis was dissolved in boiling acetic acid, precipitated

by incomplete neutralisation with ammonia, and washed with boiling

water, alcohol, and ether. Weidenbusch throws down the albumin
from the cold watery extract by heat, and exhausts it with alcohol

and ether ; a is albumin from pike, b from poultry.

Many of the following observations on serum albumin are supple-
mented by the corresponding observations on egg albumin.

When blood-serum, obtained in the solid state by the spontaneous
evaporation of the water, is triturated and washed with cold water, it

is resolved into an insoluble portion, the ash of which is not alkaline,
and a solution which yields on evaporation pellicles of casein, leaving
an alkaline ash when incinerated (Scherer, Ann. Pharm. 40, 1).

Aqueous serum albumin coagulates at 72 or 73 in the form of

flocks or a dense mass, the solution previously becoming turbid above
60 (Hoppe-Seyler). The temperature at which serum coagulates
rises with the degree of dilution ;

a solution of the serum of ox-blood

in 5 volumes of water no longer coagulates when boiled. Carbonic

acid reduces the temperature of coagulation to a greater degree as the

solution into which it is passed is more dilute, producing at the same
time a flocculent deposit (Schmidt, Muller's Arch. 1862, 442). The
addition of ver.y weak phosphoric or acetic acid, or of chloride of

sodium or other neutral salts, lowers the temperature at which coagu-
lation takes place ; a very small quantity of carbonate of soda raises it

(Hoppe-Seyler).

Serum albumin is not rendered insoluble by agitation, like egg
albumin ;

at least the turbidity thereby produced does not possess the

fibrous character of egg-albumin which has become solid by agitation,
or by passing into it a current of carbonic acid (Melsens, Instit. 1857,
201 ; Kopp's Jahresber. 1857, 531).

When serum albumin, dried at 100 and exhausted with ether,
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alcohol, arid water, is boiled with water under a pressure of three

atmospheres, a turbid solution is formed, which behaves like Mulder's

protein trioxide (Hoppe-Seyler, Virch. Arch. 5, 171). Coagulated
serum albumin, when heated to 150 with water in a tube for five

hours, yields a very feebly alkaline solution, the filtrate from which
is not precipitated by alcohol, but gives precipitates with dilute sul-

phuric acid, acetic acid, neutral acetate of lead, mercuric chloride, and

sulphate of copper, and is distinctly coloured by Millon's mercury
solution (p. 262). Solution of serum albumin prepared by Wurtz's

method, when heated to 150 for 18 hours, yielded a neutral, nearly
colourless solution; on opening the tube, a gas smelling of garlic

escaped. The solution contained traces of ammonia-salts, but neither

albumin nor peptone ;
it was not precipitated by alcohol, but gave

precipitates with nitric and acetic acids, that produced by the latter

being soluble in excess (W. Schmid, Anal. Zeitscltr. 8, 130).

When serum -albumin free from fat is submitted to electrolysis, it

yields at the positive pole, a curdy or cloudy mass which does not

adhere to the pole ;
at the negative pole it remains transparent. The

liquid at the positive pole acquires an acid reaction and smells of

chlorine ; that at the negative pole contains albuminate of soda.

Serum- albuminates of the alkalis speedily coagulate at the positive

pole ;
acid solutions sometimes coagulate at the negative (Golding

Bird). The serum of rabbit's blood deposits coagulated serum albumin

at the positive pole, only when the free alkali contained in it is first

exactly neutralised (v. Wittich, J. pr. Chem. 73, 25). See also egg
albumin, p. 286.

Serum albumin acted upon with bichromate ofpotash, or with oxide

of manganese and dilute sulphuric acid, yields the same products as are

obtained from casein (Guckelberger, Ann. Pharm. 64, 39).

Serum albumin precipitated by alcohol and washed, dissolves in a

large quantity of water into which carbonic acid is passed, forming
therewith a somewhat turbid solution, which behaves like diluted

blood-serum when heated, also in its reactions with nitric acid, mer-
curic chloride, ferrocyauide of potassium, acetic acid, and tincture of

galls. The serum albumin precipitated by carbonic acid from albu-

minate of soda and washed, behaves in a similar manner (Golding
Bird). Phosphoric acid does not precipitate serum albumin, and other-

wise acts like acetic acid.

Coagulated serum albumin dissolves to a very slight extent in

dilute sulphuric acid when digested therewith, but is converted into a

sulphuric acid compound, which swells up and dissolves on washing,
forming a solution precipitable by acids and alkalis (Berzelius).

Excess of strong hydrochloric acid throws down from solution of

serum albumin a flocculent precipitate, which afterwards redissolves ;

water throws down from the solution hydrochlorate of syntonin, whilst
a peptone remains in solution (Hoppe-Seyler). A solution of blood-
serum in water containing from 2oVotn to ylrotn f hydrochloric acid
exhibits the reactions of Bouchardat's albuminose (p. 268) (Bouchardat,
Ann. Pharm. 43, 124). Large quantities of nitric acid precipitate
Forum albumin

; the concentrated acid dissolves it easily. The serum
albumin of the urine is not completely precipitated even by a large
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quantity of nitric acid, but is converted thereby, or by heat, into

xanthoproteic acid (Mehu, Arch, gener de medecine, 13, 257; Chem.
Centr. 18G'J, 236).

Coagulated albumin turns soft and transparent in acetic acid, and
on wanning therewith, is converted into a tremulous jelly, which dis-

solves in water and is precipitated from the solution by alkalis (excess
of which redissolves the precipitate), and by mineral acids and ferro-

cyanide of potassium. The acetic solution, when evaporated, leaves
first a jelly, then a dry transparent mass, which reddens litmus and
dissolves completely in warm water only after addition of acetic acid

(Berzelius). Aqueous serum albumin is not precipitated by acetic
acid.

Aqueous serum albumin, saturated with nitrate of potash, or with
other neutral salts, is precipitated \>yphosphoric and acetic acids (Melsens).
Lactic, oxalic, and tartaric acids behave in the same way ; the filtrate

is not precipitated either by boiling', or by the addition of nitric acid or

ferrocyanide of potassium. The precipitate produced by acids in

saline solutions is Panum's acid-albumin. See p. 201.

Caustic ammonia acts but slowly on solutions of serum albumin,
ultimately decreasing the molecular rotatory power of the solution ; the

resulting albuminous substance is precipitated on neutralisation (Hoppe-
Seyler). Solutions of potash and soda do not precipitate aqueous
serum albumin, but convert it into albuminate, increasing the rotatory
power, even when only small quantities of alkali are employed. By
the prolonged action of the alkali, the rotatory power is again reduced

(Hoppe-Seyler). In other respects also serum albumin exhibits the
same behaviour towards alkalis as egg albumin.

Coagulated serum albumin swells up to a transparent jelly in

aqueous potash, and then dissolves completely, forming- a greenish-
yellow solution (Berzelius). The solution is precipitated by acids with
evolution of hydrosulphuric acid (Scheele) ;

when it is digested with

freshly precipitated hydrate of bismuth for 6 or 8 hours, at a nearly
boiling heat, a quantity of sulphide of bismuth is formed, containing
sulphur amounting to from 070 to 1-19 p. c. of the serum albumin

(Fleitmann, Ann. Pharm. GO, 380).

Baumhauer dissolved coagulated albumin, obtained from fish, in

dilute potash solution ; heated the solution to 90 for some time, and

passed through it a current of air ; precipitated the filtrate with acetic

acid ; and boiled the precipitate with water, alcohol, and ether. He
thus obtained a product containing

-

5 p. c. of ash, 54'7 0., 14*6 N.,

7'OH., and 1-1 S. Protein prepared by precipitating serum albumin
with alcohol, dissolving the precipitate in potash, and re-precipitating
with acetic acid, contained, after drying at 140, l"2 p. c. of ash, 34/38

p. c. C., 15'92 N., and 7'14 H. (Dumas & Cahours, N. Ann. Chim. Plujs.

0, 420).

A solution of serum albumin, to which a little caustic potash has
been added, does not coagulate when boiled, but then forms on its

surface a pellicle of casein containing 55*03 p. c. C., 15'G3 N., 7*72 II.

(Scherer, Ann. Pharm. 40, 1).

When blood-serum is mixed with solution of so.da to alkaline reaction
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and heated, it is converted into a solid, transparent, scarcely alkaline

jelly, which, on addition of water and further heating-, yields a clear,

somewhat slimy solution of albuminate of soda. This solution is not

coagulated by alcohol or by heat, but is precipitated by acids, chlorine-

water, alum, neutral acetate of lead, sesquichloride of iron, mercuric

chloride, sulphate of copper, ferrocyanide of potassium, acetic acid, and
tincture of galls. Carbonic acid passed into the solution, produces a

precipitate which redissolves completely on continuing the current of

gas ; the solution now possesses the properties of an ordinary solution

of serum albumin, and is precipitated by boiling ; also by nitric acid,

alum, mercuric chloride, and tincture of galls, but not by dilute acids or

sesquichloride of iron (Golding Bird).

Fresh blood-serum, when boiled with an equal bulk of a cold saturated

solution of carbonate of soda, evolves much carbonic acid ; but the

whole of the carbonic acid is not expelled from carbonate of soda, even

by a large quantity of serum albumin. When carbonate of potash is

employed, instead of carbonate of soda, no carbonic acid is evolved

(Golding Bird).

Solutions in carbonate and bicarbonate of soda of serum albumin,

precipitated by alcohol and washed, are precipitated by boiling also by-
nitric acid, alum, and mercuric chloride ; acetic acid produces a preci-

pitate soluble in excess of the acid (Golding Bird).

Serum albumin mixed with aqueous alkalis, is precipitated by neutral

salts, and, on the other hand, aqueous alkalis precipitate solutions of

serum albumin to which neutral salts have been added. With chloride

ofsodium the precipitate is thrown down even in the cold ; with sulphate

of soda only on heating. When the action of the alkali has been but

slight, the precipitates thus thrown down dissolve in water
;
but when

the action has been more intense, the precipitates are insoluble in water
and aqueous alkalis, and soluble under certain conditions only in acids

(Virchow). When serum albumin precipitated by boiling is dissolved
in very dilute potash, and dry chloride of sodium is added, the solution

is rendered cloudy at 35, and deposits dense flocks at 45. Sal-

ammoniac, instead of chloride of sodium, causes at 50 a turbidity, and
at 75 a deposition of dense flocks, which dissolve in a large quantity
of water on heating, and are reprecipitated by sal-ammoniac (Panum,
Virchow 's Arch. 4, 445). On adding dry chloride of sodium to the
serum of horse's blood, filtering from the resulting curdy precipitate
and from excess of the chloride, and dropping strong soda-solution into

the filtrate, a white precipitate is formed, settling in the form of a

yellowish translucent jelly. This body does not dissolve in water on

washing, but gives up thereto a substance precipitable by nitric acid

and chloride of sodium. It swells up in acetic acid, but dissolves only
in a large quantity of the boiling acid ; and is insoluble in excess of

solution of soda (Virchow, Ann. Pharm. 91, 344). This deposit is

albuminate of soda, which dissolves in water after it has been washed
free from alkali (Eichwald, Wurzburger. medic. Wochenschr. 5, 356).

Blood-serum behaves like egg albumin towards sesquichloride of iron,

corrosive sublimate, and sulphate of copper ; the precipitate produced by
the last salt contains 1*14 p. c. CuO. (F. Rose). The serum of human
blood, when neutralised with acetic acid, gives with nitrate of silver a

precipitate containing 16-3 p. c. AgO. (Mulder, Pogg. 40, 277).
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Serum albumin acidified with acetic acid behaves like egg albumin
towards platinocyanide of potassium (Schwarzenbach, Ann. Pharm. Ill,
195). According to Diakanow (Tubing, medic. Untersuch. 1867, 1,232)
precipitation takes place only after the conversion of the albumin into

syntonin by the acid.

Serum albumin is precipitated from its aqueous solution by alcohol,
albumin free from alkali and poor in salts being thereby thrown down ;

while another portion remains in solution as albumiriate of soda. The
precipitate dissolves slightly in pure water and easily in water contain-

ing salts (Lehmann, Phi/sioL Chemie, 1, 313). The precipitate redissolves
in water at first, but in the course of a few minutes it is resolved into
albuminate and coagulated albumin

; by the prolonged action of alcohol,
the latter alone appears to be formed (Iloppe-Seyler). Serum albumin
containing alkali dissolves in hot alcohol, the solution on cooling de-

positing flocks which dissolve easily in water and in boiling alcohol

(Scherer). Serum albumin is not precipitated by agitation with ether

(Hoppe-Seyler). Carbolic acid, more especially when mixed with
nitric acid, precipitates serum albumin (Mehu, Chem. Centr. 1869,

236). Solution of serum albumin containing 5 p. c. produces with

pyrogallic acid a precipitate soluble with difficulty in water, but easily
soluble in excess of albumin and in aqueous carbonate of soda

(G. Jiidell, Tubinger medic. Unters. 1, 423).

Scherer's paralbumin (Handbuch, viii, 235) and metalbumin (ibid.)
are bodies related on the one hand to serum albumin and on the other
to albumin-peptone. They occur chiefly in colloid sacs and render the
fluid obtained therefrom slimy and ropy. Paralbumin is not thrown
down as a solid coagulum by heating its solutions, but either does not

coagulate at all, or converts the liquid containing it into a thick whitish

mass, which forms an opalescent liquid with water. It is also

less easily coagulable by alcohol, after addition of acetic acid, than

albumin, and the precipitate thereby formed, after prolonged washing
with alcohol, redissolves in water at 35 or 40. Mineral acids throw
from its solutions precipitates easily soluble in excess of moderately
dilute acids. Metalbumin is even less easily coagulable by alcohol

or by heat than paralbumin, but is precipitable by metallic salts

and by tannic acid. It is not precipitated by mineral acids, but on

mixing it with excess of acid, the mixture is converted into a semi-
fluid jelly. By ferrocyanide of potassium it is merely rendered cloudy,
without being precipitated. On these bodies, see Scherer (W&rzburg. medic.

Verhandl. 2, 214 and 278 ; Ann. Pharm. 82, 135 ; Kopp's Jahresber. 1851, 579) :

Eichwold (Wurzburg. medic. Zeitftchr. 5, 336). On paralbumin, see also Haerlin

(Chem. Centr. 1862, 884; Kopp's Jahresber. 1862, 552) : Bokecher (Virchow's Arch.

6, 620) ; Pldsz (Hoppe-Seyler's Med.-chem. Unters. 1871, 517).

Egg Albumin.

SCHEELE. Opusc. 2, 104. TiiENARD. Ann. Chim. 67, 320 ; Gilb. 31,

106 ;
HATSCHETT. Phil. Trans. 1799 ; Scher. J. 6, 305. BOSTOCK.

AT. Geld. 4, 547 ; Schw. 29, 397.

BERZELIUS. Schw. 10, 142 ; Pogg. 9, 631 ; 10, 247.

LINK. Schw. 14, 294. BRANDE. Gilb. 64, 354. CHEVREUL. Ann.
Chim. Phys. 19, 46 ; Gilb. 70, 379.
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PKKVOST & DUMAS. Ann. Chim. Phys. 23, 52.

J. VOGEL. Ann. Pharm. 30, 20; Berzel. Jahresber. 20, 540.

F. ROSE. Po.^. 28, 132.

MULDER. Po^/. 40, 271. J.pr. Chem. 44, 480.

AD. WURTZ. Compt. rend. 18, 700; J.pr. Chem. 32, 503;
Jdircsber. 25, 874.

MELSKNS. Ar
. Ann. Chim. Phys. 33, 170 ; J.pr. Chem. 54, 383

Ja/n-esber. 1851, 57G. Belg. Acad. Bull. 24, No. 2
;

/wsfzY. 1857,
201 ; Kopp's Jahresber. 1857, 531.

LiEnKKKiiiiN. Poqy. 86, 117 and 208; </. />r. Chem. 57, 352; Kopp's
Jahresber. 1851, 692.

THEILE. /ewaer wecfrc. Zeitschr. 3, 147 ;
#. #r. 4rc/<. 138, 19

; Kopp's
Jahresber. 1867, 774.

White of egg. Albumin of birds' eggs. To be distinguished from
serum albumin and vegetable albumin.

Forms the chief part of the organic substance of the white of birds'

eggs, which is rendered viscid by the presence of tho membranes JM.T-

meating it, and contains, besides albumin, small quantities of albumi-

nate and paraglobin, traces of fats or soaps, grape-sugar, and a

quantity of ash amounting to about 3 p. c. of the solid constituents.

On crystals of an albuminous body from the white of hens' eggs, see Ar. Boettcher

(Virchow's Arch. 32, 525
;
Anal. Zeitschr. 4, 262) ; on Oonin, a body separated from

white of egg by freezing, see Couerbe (J. Phann. 15, 497 ;
Ann. Chim. Phys. 41, 323).

On differences between the whites of fowls' and pigeons' eggs, see Jahn (N. Br.
Arch. 37, 259; Berzel. Jahresber. 25, 875).

On the formation of albumin or coagulable albuminous bodies from casein,

according to Sullivan, see Casein.

According to Danilewski's preliminary communication (Krit. Zeilschr. f. Chem.

[2], iv, 12, 41) there exists in the white of hens' eggs an optically inactive albumin

containing 2 p. c. of sulphur, by the splitting up of which albuminous substances are

obtained, having a left-handed rotatory action on polarised light. In these bodies the

sulphur is said to be combined in part indirectly and in part directly with oxygen ;

but an albumin may be obtained in which the sulphur exists only in 'the latter* state.

Albumin containing 2 p. c. of sulphur, in being resolved into a, b, c albumin con-

taining L'3, 1-1, 0'9 p. c. of sulphur, yields at the same time fatty acids, neurine,
and cholic acid as decomposition-products.

Preparation. The coagulated albumin employed for the analyses
given below was prepared either by boiling filtered white of egg and

washing the coagulum \viili water "and alcohol (Mulder), or by pre-

cipitating filtered white of egg with alcohol, and washing with alcohol,

water, and ether (Lassaigne, Ann. Chim. P////.S. 2<>, 08; Dumas &
Cahours, N. Ann. Chim. PJtys. 6, 407

; Theile). Ruling adds a few

drops of hydrochloric acid before precipitating with alcohol.

Wurtz precipitates diluted and filtered white of egg with basic
acetate of lead, not in excess ; suspends the washed precipitate in

water, and passes carbonic acid through the liquid ; filters ; precipitates
traces of lead from the filtrate by a few drops of aqueous hydrosul-
phuric acid ; and heats the clear brown liquid to 60, whereupon the

sulphide of lead goes down with the first flocks of albumin. He then
filters again and evaporates the filtrate at 50. According to Scherer

(Wurzburg medic. Zeitschr. 5, 318) and Kiihne (Physiol. Chemie, 178)
the albumin thus prepared contains acetic acid, and is precipitable by
ammonia, and has therefore already undergone alteration.

Graham (Ann. Pharm. 121, 61
; Kopp's Jahresber. 1861, 80) purifies
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egg albumin by submitting' to dialysis tlio white of hens' eggs mixed
with acetic acid; after .'> or 4 days, albumin free from ash remains on
the dialjaer. It then po>- -light acid reaction, coagulates
milk heated with it, and still contains the sulphur pertaLiing lo its

constitution. Kiihne was unable in this manner to get rid of the salts

from serum albumin without at the same time rendering- it insoluble.
This albumin doubtless contains acetic acid.

Von Wittich (J. pr. Chem. 73, 18; Kopp's Jaliwbcr. 1858,541)
dilutes white of ego- with water, with addition of a little carbonate of

soda ; precipitates the albumin as acidalbumin by hydrochloric acid ;

collects the precipitate, arid washes it with water containing hydro-
chloric acid ; suspends it in water at 50 ; precipitates the milky liquid
with carbonate of ammonia

;
and washes the precipitate with water,

cold alcohol, and ether. The egg albumin thus obtained is insoluble

in water and neutral salts, also in bicarbonate and neutral phosphate
of soda, but dissolves in aqueous neutral carbonate of soda and rnono-

phosphates of the alkalis, and combines with acids to form compounds
which are soluble in pure water, and are precipitated on neutralising
their solutions with alkalis. It is, therefore, at any rate, altered

albumin, probably having been converted into syntonin (Kr.).

Hoppe-Seyler (Anal. Zeitschr. 3, 425
;
Ilandb. 186) cuts up white of

egg with scissors; squeezes it through linen; niters without access of

air to prevent incipient browning; dilutes with a large quantity of

water; and precipitates a few flocks or fibres of an albuminous sub-

stance soluble in hydrochloric acid by careful addition of acetic acid,
or by a current of carbonic acid. The filtrate may be freed from gaits

by dialysis or by Wurtz's method.

According to these experiments, and those given under serum

albumin, albumin in a soluble state has not been obtained fiee from
ash. and from acid or alkali, and hence the view put forward by
Scherer, Denis (Me'moire sur le *//?, 1*7). and others, viz., that egg
albumin and animal albuminous substances generally are in themselves
insoluble in water, and become soluble only after combination with
salts or alkalis, appears to be well-founded. This view is further

supported by the following statement of Kiihne : When white of

hens' eggs is largely diluted with water, it deposits nearly the whole
of the albumin held in solution by salts, whilst alburninate of potash
and globulin remain in solution. After precipitating these also by
careful addition of acetic acid, the filtrate becomes slightly turbid only
on boiling, owing to the small quantity of albumi:i remaining dis

in the very dilute saline liquid (Kiihne, Physiol. Chemie. 553). Denis

lie following experiment : On diluting filtered wli: j with

from 5 to 2<> parts of water, and adding a few drops of very weak
hloric or acetic acid, a turbidity is gradually produced, which

; water containing chloride of sodium [or nitrate- of potash

(Scherer)], and is reprecipitated from this solution by more water.

Eichwald ( Wurzburg. medic. Zeitschr. 5, 318) also describes albumin as

insoluble in water, and soluble only with the aid of alkalis and their salts.

Properties. Dried albumin forms a hard, brittle, white, or yellowish
translucent mass of concho'idal fracture, and without Taste or smell.

Aqueous egg albumin rotates a ray < : f polarisr-d li^ht to the l<-it
;

=:35'5 : hydrochloric acid increases the a : at ion to :; 7- 7
;
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strong caustic potash at first increases it to 47, or with coagulated
albumin to 58'5, and afterwards reduces it (Hoppe-Seyler, Anal.

Zeitschr. 3, 425). According to Hruschauer and Wurtz, it has a

faint acid reaction, even after coagulation, but does not give up acid

to water.
Dumas &

Mulder. Scherer. Cahours.
dried at 125. at 100. at 140.

53-73 53-78 53-37
15-52 15-92 15-77

7-02 7-07 7-10
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insoluble in water and chloride of sodium, by prolonged agitation of albumin. To
this place belong, apparently, Smee's observations noticed under Fibrin.

The albumin of birds' eggs coagulates when heated to 63 to 75,
that is, it becomes converted into a white, slightly translucent, solid,

somewhat elastic mass, drying up to a yellow horny substance, which
when immersed in water assumes the appearance of freshly coagulated
albumin, without dissolving.

The white of hens' eggs remains clear at 60, becomes slightly
turbid at 63, begins to solidify at 65, and becomes completely solid at

70 to 75 (Dumas and Prevost). Perfectly neutral solution of the
white of hens' eg'gs (free from albuminate of soda and globulin) be-

comes turbid at 57 ;
forms a white pulp at 60, and deposits large

flocks at 62 to 64 (Lehmann, Vircliows Arch. 36, 115). The white
of ducks' eggs begins to coagulate at 63 (Chevreul). Fresh albumin,
mixed with J part of water, coagulates completely when heated ; with
1 part of water it remains slightly fluid; with 10 parts no coagulum is

produced, but a milky turbidity, which is perceptible even with 1000

parts of water (Bostock). A solution of Wurtz's egg albumin be-

comes turbid at 59-5, forms flocks at 63, and solidifies at a somewhat

higher temperature. On the behaviour of albumin diluted with water
at 38, see Arnold (Schmidt's Jahrb. 103, 1).

'

The coagulation takes place also in vessels exhausted of air, with-

out evolution of gas or change of volume or temperature. Fresh-laid

eggs, when covered at once with oil, do not coagulate completely, but

only become milky. It is attended with the formation of hydrosul-

phuric acid. Metallic silver is blackened by albumin when hot, but not

when cold; coagulated albumin blackens acetate of lead, and also

lead -paper held over it, after addition of acids (Gobley, N. J. Pharm.

18, 347). The coagulation is accompanied by elimination of alkali

[ammonia (Eichwald, Chem. Centr. 1860, 568)], which combines with

another portion of albumin to form albuminate (Scherer). Egg albumin

dried at a low temperature is not coagulated, even at 100 [or above

100 (Briicke)] in the dry state (Al. Schmidt, Midler's Arch. 1862, 447).

Albumin in the pure state, or mixed with chloride of sodium, after

being immersed, in a closed tube, in a mixture of solid carbonic acid

and ether, recovers its fluidity on exposure to the air (Melsens).

Commaille distinguishes boiled albumin as pexin. It dissolves with

difficulty
in slightly acidulated water. When its solution in caustic

soda is precipitated by hydrochloric acid, and the precipitate is dis-

solved in water, a solution is formed, from which bichloride of platinum
throws down a dark orange-yellow precipitate containing 7'80 p. c.

of platinum (Commaille).

When albumin mixed with an equal volume of water and strained

is evaporated in the sun, or exposed in an open vessel for six days
5>

it

no longer coagulates on boiling-, but at a certain degree of concentration

solidifies to a translucent jelly which is soluble in water. The

addition of very dilute acetic, formic, tartaric, or citric acid, by which

the solution is not precipitated, restores the property of coagulation

(Monnier, Par. Soc. Bull. 11, 470). According to Monnier a peculiar

modification of albumin is thus produced.

Hard-boiled white of egg heated to 150 with icater for 2 or 3
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hours, dissolves therein, forming a solution which is precipitated by
acids (Wohler, Ann. Pharm. 41, 238). When it is heated to near 200
with water in a copper digester, the walls of the vessel become covered
with a film of sulphide of copper, and the albumin dissolves, with

exception of a portion which remains unaltered. The solution contains
a little free acid, and substances partly soluble and partly insoluble in

alcohol. When coagulated albumin is boiled for some time in water,
it swells up strongly, softens, decomposes, and gives up animal matters
to the water (Gmelin).

Mulder (Ann. Pharm. 47, 314) found that when white of hens' eggs
was boiled in a Papin's digester for 150 hours, there remained a por-
tion insoluble in water and alcohol, containing 54-34 p. c. C., 15*33 N.,
and 7-16 IL, unaltered albumin according to Mulder. The aqueous
solution, when evaporated to dryness, left a residue which, after

exhaustion with alcohol, dissolved in water and gave a precipitate
with neutral acetate of lead, and a further precipitate with the neutral
acetate and ammonia. Both precipitates were decomposed by hydro-
sulphuric acid. The substance thus obtained is Mulder's protein trioxide

containing 50-75 t'o 51-36 p. c. C., 6-69 H., 15-01 N. It is neutral

soluble in cold water, precipitable by dilute mineral acids, chlorine,
and metallic salts, but not by acetic acid, ferrocyanide of potassium,
chloride of ammonium, or chloride of barium.

Undiluted white of hens' eggs, when submitted to electrolysis, deposits
a dense white layer of coagulated albumin at the positive pole, and if

the experiment be continued long enough, the negative pole becomes
covered with a clear jelly of albuminate of soda, which last does not

appear with diluted albumin. Solutions of alkaline albuminates
likewise deposit the albumin in films at the positive pole ; acid solu-

tions of albumin deposit it more slowly at the negative pole, in the
form of a diffused cloud, whilst alkali or acid is set free at the oppo-
site pole. If the solution contains free acid, free alkali, or mono-
carbonate or bicarbonate of alkali, the deposit of albumin does not
take place, or takes place very slowly ; but if the solution contains

neutral salts, such as chloride of sodium, phosphate of soda, sulphate
of soda, sulphate or nitrate of potash, the deposit at the positive pole
is much more abundant (v. Wittich). The following are older state-

ments : Albumin alone or diluted with water is completely coagulated
at the negative pole (Arnim, Gilb. 8, 259 ; Marx, Schweig. 54, 209).
"With a strong current, a rapid deposit takes place at the negative, and
a slower deposit at the positive pole ;

with a very weak current, there

is a deposit at the positive pole, whilst an alkaline solution of albumin
is formed at the negative (Brande, Gilb. 64, 354). With a weak current,
C. G. Gmelin (Gilb. 64, 347) observed coagulated albumin at the posi-
tive pole only, never at the negative ;

a strong current caused coagula-
tion at both poles, which Gmelin attributes to the heat evolved.

Lassaigne (Ann. Chim. Phys. 20, 97) precipitated albumin with alcohol,
washed the precipitate with weak spirit to free it from chlorides, and
submitted its aqueous solution to electrolysis, which did not cause

coagulation excepting after addition of chloride of sodium, and then

only at the positive pole. According to Morin (Par. Soc. Bull. 1861,

104) this result is due to the low conducting power of the liquid.
Morin'e other statements agree" with those of v. Wittich; for those of

Golding Bird, see tierum albumin. According to Sinee (Proceedings
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Boy. Soc. 12, 399 and 505
; 13, 350

; Kopp's Jalresler. 1863, 617 ; 1864,

614) fibrin is formed by the electrolysis of eg*g or serum albumin.

Moist uncoagulated albumin rapidly putrefies, with evolution of

hydrosulplmric acid
; coagulated albumin does not putrefy, even under

water. When albumin is dissolved in 40 to 50 parts of water and

exposed to the air for a few weeks, at the temperature of 25, the

following products of putrefaction are formed : a. Products which pass
over on distilling the liquid with milk of lime. These are ammonia and
a body of penetrating odour, part of which goes over in crystalline
laminae when the ammoniacal liquid is distilled with phosphoric acid,

while another portion may be extracted from the distillate by ether.

It is very volatile and assumes a rose-red to brown-red colour with
dilute sulphuric acid, forming oily drops. b. Volatile acids obtained

by distilling the residue containing lime with a slight excess of

sulphuric acid. c. When the residual liquid from the last operation is

mixed with neutral acetate of lead, there is thrown down with the sul-

phate of lead, a plaster-like precipitate, from which hydrosulphuric acid

separates brown acid oily drops. d. When the liquid remaining
after separating the plaster-like lead-salt is freed from lead by hydro-
sulphuric acid, it yields on evaporation a viscid syrup which is resolved

by alcohol into leucine and a soluble portion. The latter is free from

sulphur, has an acid reaction, forms with lead-oxide a salt soluble in

alcohol, and when boiled with sulphuric acid yields tyrosine and a brown

colouring matter (Bopp\

Albumin submitted to dry distillation yields carbonic acid, hydro-
sulphuric acid and combustible gases, water, hydrocyanic acid, car-

bonate of ammonia, and empyreumatic oils, whilst a nitrogenous coke
and ash remain behind (Liatschett). In the open fire dried albumin

puffs up, emits an odour of burning feathers, blackens, and burns,

leaving charcoal.

When ozonised air is passed through aqueous albumin, the solution

becomes turbid and reddish, or by transmitted light greenish-yellow,
and deposits tough, greyish-white, fibrous masses, which afterwards re-

dissolve. The clear acid liquid ultimately remaining is not precipitated

by heat, or by acids or metallic salts, with the exception of basic acetate

of lead, but is rendered turbid by alcohol. It contains neither sugar
nor urea, and a very small quantity of any solid substance in propor-
tion to the albumin employed. Its constituents are for the most part

uncrystallisable and acid, and resemble peptones; alcohol takes up
from them some acid crystals, probably ben zoic acid (Gorup-Besanez,
Ann. Pharm. 110, 96). When a little alkali is added to the albumin, the

phenomena observed are the same up to the deposition of the fibrous

masses ;
after some days' action of the ozone, the liquid contains albu-

minates, which subsequently disappear (Gorup-Besariez, Ann. Pharm.

125, 221). Albumin freed from paraglobin and precipitated with

alcohol, decomposes peroxide of hydrogen in neutral or slightly acid

solution, less rapidly than ordinary albumin, and not at all after boiling

(Giannuzzi, Virch. Arch. 34, 443; Krit. Zeitschr. 1865, 749).

Albumin is decomposed by 'bromine and water iu sunshine (Blom-
strand, Ann. Pharm. 123, 248). Albumin dissolved in water is coagu-
lated by chlorine (Thomson), forming Mulder's proteinchlorous acid

(p. 265) ;
the filtrate contains a little humin, besides salts (Mulder).
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Albumin reduces chromic acid and decolorises manganic acid

(Hiinefeld, J. pr. Chem. 7, 40).

Permanganate of potash, in dilute solution, acting upon albumin at

the temperature of 50 to 55, with gradual addition of sulphuric acid

not in excess, is slowly decolorised and decomposes the albumin, so

that when 3 to 3^- parts of the permanganate are employed to 1 part of

albumin, the solution is no longer rendered turbid by heating it with
acetic acid. The products formed are (besides carbonic acid, ammonia,
and other substances) benzoic acid and a yellow syrup insoluble in

alcohol, but no urea (Stiideler, J.pr. Chem. 72, 251 ; Chem. Centr. 1858,

90). Previously to this, Bechamp (N. Ann. CMm. Phys. 48, 318 j Ann. Pharm.
100, 247 ; Kopp's Jaliresber. 1856, 696) thought he had obtained urea by the action

of permanganate of potash on albumin, and he maintains the opinion in later

memoirs (N. Ann. CMm. Phys. 57, 291 ; Kopp's Jahresber. 1859, 181
; Compt. rend.

70, 866 ; Zeitschrf. Chem. [2], 7, 347). After addition of sulphuric acid to albumin
till the alkaline reaction is not quite destroyed, permanganate of potash forms, it is

said, first an acid, then urea, and lastly, when all organic matter has disappeared,

sulphate of ammonia. From the products first formed a substance differing from

albumin, and insoluble in water, may be isolated. Two or more acids, characterised

by tbeir action on polarised light and by their different degrees of solubility in

alcohol and ether-alcohol, are said to be formed.

Subbotin (Chem. Centr. 1865, 593; Krit. Zeitschr. 8, 693) observed
as follows: When egg albumin is oxidised with permanganate of

potash at 50 to 60 (for which 32 to 35 grammes of permanganate
to 83 grammes of white of egg, corresponding to 10 grammes of

albumin, are necessary) and the product is distilled, there passes over
an acid aqueous liquid smelling of bitter almond oil and valerianic

aldehyde. The residue does not contain urea ; on neutralising it with

sulphuric or carbonic acid, evaporating, and treating the residue with

boiling alcohol, sulphate of potash is left undissolved, nearly corre-

sponding in quantity to the sulphur of the albumin, when carbonic acid

is employed for neutralisation. The alcoholic solution contains benzoic
acid amounting to 1*55 p. c. of the albumin employed, and leaves on

evaporation a syrup from which three or four substances may be sepa-
rated by successive treatment with ether, cold and hot absolute alcohol,
and water. These bodies are : a. An orange-yellow oil soluble in

ether, b and c. Nitrogenous potash-salts, which are extracted by
cold and boiling alcohol, and, after drying at 100, rapidly deliquesce
to viscid masses, d. A yellowish-brown viscid mass easily soluble in

water, hard and brittle at 100 ;
it contains nitrogen and is precipitable

by bichloride of platinum.

According to Wanklyn, Chapman, & Smith (Chem. Soc. J., 20, 448)
albumin gives up one-third of its nitrogen as ammonia when boiled

with a caustic alkali, and the remaining two-thirds on subsequent boil-

ing with permanganate of potash.

Most mineral acids throw down from aqueous albumin precipitates

containing the acids in combination with albumin in the insoluble state.

Phosphoric acid, acetic acid, and other vegetable acids, do not precipitate
solutions of albumin, but form acid albuminates, which are precipitated
on neutralising the solutions with alkalis. Employed in excess, the
mineral acids form decomposition-products, especially when strong
and hot.

The turbid fresh solution of egg albumin in water is not precipitated
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by addition of small quantities of sulphuric, hydrochloric, or nitric acid,

but on the contrary becomes clearer and is afterwards not precipitated,
or is rendered only slightly turbid, by boiling (Giinsberg, Wien. Acad.
Ber. 45, 643 ; Chem. Centr. 1863, 460).

The precipitates produced by very dilute acids dissolve in a large

quantity of water ; those produced by acids less dilute do not re-dissolve

in excess of the acids (Eichwald, Wurzb. medic. Zeitschr. 5, 318).

a. Carbonic acid does not precipitate aqueous solutions of egg
albumin, but from undiluted white of egg it throws down fibres, flocks,
and pellicles, which are not readily dissolved either by acids or by
alkalis (Hoppe-Seyler, Handbuch, 187). Al. Schmidt regards the preci-

pitate as paraglobin (Mullers Arch. 1862, 447).

b. Freshly ignited phosphoric acid dissolved in water precipitates

aqueous albumin abundantly, but loses this property in time (Engel-
hart, Kastn. Arch. 6, 340; Berzelius, Pogg. 9, 631). Albumin is pre-

cipitated by metaphosphoric acid mixed with acetic acid, but not by
salts of pyrophosphoric or orthophosphoric acid.

Phosphoric acid in excess does not precipitate albumin, but the solu-

tion mixed with it is precipitated by neutralisation with alkaline car-

bonates (Berzelius). A mixture of monophosphate of soda (or acid

sulphate of soda) and egg albumin yields no acid albuminate, even on

long standing and warming (J. C. Lehmann, Virchow's Arch 36, 125).

c. Strong solution of boracic acid throws down from undiluted white
of egg, white flocks soluble in chloride of sodium ; from an aqueous
solution it throws down part of the albumin as paraglobin (Briicke).
The precipitate is insoluble in excess of a dilute solution of boracic

acid, and only partially soluble in a strong solution. The turbid liquid
thus formed is precipitated by a small quantity of ferrocyanide of

potassium, the precipitate dissolving in excess of the precipitant,
and in chloride of sodium ; also by a small quantity of chloride of

sodium, whereas a larger quantity of this salt forms a clear solution

which deposits dense flocks on boiling ; also by a small quantity of pot-

ash, the precipitate dissolving in a larger quantity of potash while the

liquid is still acid, and in aqueous chloride of sodium and ferrocyanide
of potassium (Brucke, Wien. Acad. Ber. 2 Abth f 55, 881 ; Chem. Centr.

1867, 1005).

d. Egg albumin forms with sulphuric acid a soluble and an insoluble

compound (Berzelius, Lehrbuch, 3 Aufl. 9, 33 and 37).

a. Soluble Albumin-sulphuric acid. On dropping dilute sulphuric
acid into white of egg mixed with a little water till the liquid is dis-

tinctly acid, the cellular tissue is deposited, and the perfectly trans-

parent filtrate leaves, on evaporation in a vacuum, a translucent yellow
mass, which when immersed in water, swells up, softens, and dissolves,

with the exception of some coagulated albumin-sulphuric acid. The

colourless, acid, but insipid solution becomes opalescent at 57, opaque
at 61, and coagulates completely at 65, from separation of coagulated

albumin-sulphuric acid, with simultaneous liberation of sulphuric acid.

Sulphuric, hydrochloric, and acetic acids, and alcohol, throw down from

albumin-sulphuric acid, precipitates which do not dissolve on diluting
the liquids with water.

VOL. XVIII. U
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(3. Insoluble Albumin-sulphuric Acid. Moderately dilute sulphuric
acid precipitates albumin (less completely than nitric acid) in white

flocks, which become hard and yellow on drying, and do not dissolve

in water when washed therewith, but give up to it nearly the whole
of the sulphuric acid (Berzelius). These flocks, when freed from sul-

phuric acid by washing for six weeks, and afterwards washed with
alcohol and ether, have the composition of albumin (54-52 p. c. C.,

15-83 N., 7'60 H.), and redden litmus-paper when laid upon it, but do
not give up free acid to water (Hruschauer, Ann. Pharm. 46, 348).
See also Berzelius (Jahresber. 24, 657).

Dry albumin swells up in oil of vitriol to a jelly, which shrinks in

water and leaves Mulder's protein-sulphuric acid (Mulder). Coagulated
albumin dissolves almost entirely in cold oil of vitriol, forming a

brownish-yellow liquid precipitable by water (Link). Hot oil of vitriol

carbonises albumin, without forming artificial tannin (Hatschett) ; it

produces a large quantity of ammonia (Heintz, Pogg. 68, 393). Boiling
dilute sulphuric acid converts albumin into a purple mass, but does not
dissolve it (Mulder) : by prolonged boiling it forms the same products
of decomposition as hj drochloric acid (Bopp), and among them aspartic
acid (Kreussler, J. pr Chem. 107, 240).

^1 According to 0. Loew (J. pr. Chem,. [2] iii, 180
;
Chem. Soc. J.

[2], ix, 409) the compound formed when albumin is immersed in strong
sulphuric acid, is albumin-sulphuric ac/JC'WH^SO^SO3

: it is a white,
tasteless and scentless powder, insoluble in dilute acids, soluble in

dilute alkalis.

When dried albumin is treated with a mixture of strong nitric acid

and sulphuric acid in the cold, and the mixture, after standing for

several hours, is thrown into cold water, a precipitate is formed con-

sisting of trinitro-albumin-sulphuric acid, C72N9H61

(N0
4

)
8S022

,S0
3
. This

acid is a bitter yellow powder, insoluble in water, alcohol, and dilute

acids, but soluble in dilute alkalis, forming a red solution, from which it

may be reprecipitated unchanged. By the action of sulphide of am-
monium it is converted into triamido-albumin-sulphuric acid
C72N 9H51(NH2

)
8S022

,S0
8
,

a brownish-yellow powder, having a faint

taste, soluble in dilute alkalis. Strong alkalis decompose it, especially
on warming, with evolution of ammonia. Nitric acid dissolves it with
evolution of red fumes. It is insoluble in dilute acids, but when
freshly precipitated dissolves readily in concentrated acids. It does
not react like the proteides with Millon's test (Loew) f .

When the whites of thirty hen's eggs, coagulated by means of
absolute alcohol, are agitated with a mixture of 600 or 700 c.c. of abso-
lute alcohol and an equal volume of oil of vitriol, the albumin dissolves
in the course of ten minutes to a violet, afterwards brown liquid,
which, after boiling for some time, is no longer precipitable by am-
monia. On neutralising the solution, an odour of allyl or oil of mustard
is evolved : the solution contains ammonia and deliquescent salts,

having the composition of tyrosine-sulphates (W. Knop, Chem. Centr.

1868, 141).

Albumin is decomposed by boiling with aqueous iodic acid (Millon,
Compt. rend. 19, 272).

e. Egg albumin may be strongly acidified with hydrochloric acid
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without coagulating : a larger quantity of the acid produces a whitish

turbidity, and then throws down flocks of a compound of hydrochloric
acid with an albuminous substance. These flocks dissolve with diffi-

culty in water, are nearly insoluble in dilute hydrochloric acid and
saline solutions, and dissolve but slowly and incompletely in fuming
hydrochloric acid (Hoppe-Seyler, Handbuch, 187). The precipitate
contains, on the average, 3*9 p. c. of hydrochloric acid (Mulder).
When white of egg is allowed to drop from a filter into hydrochloric
acid of 0-1 p. c., it coagulates like muscle-plasma, and afterwards dis-

solves in the liquid. The solution at first coagulates on boiling, but
ceases to do so after 24 hours, and then exhibits all the reactions of

syntonin [or of Bouchardat's albuminose (p. 268) (Bouchardat)]
(Kiihne, Untersuch. 20). See also Arnold (Schmidt's Jahrb. 103,1). Oil

prolonged contact with hydrochloric acid, albumin assumes a red or
blue colour, and forms a blue solution. Strong hydrochloric acid at
the boiling heat dissolves coagulated albumin with black-brown colour

(Link). The coloration is caused by exposure to air : when air is ex-

cluded, a straw-yellow solution is obtained, which, on exposure to air,

assumes a blue colour, changing to purple, and ultimately to black, the
solution then containing ammonia and humic acid (Mulder). When
albumin is boiled for 6 or 8 hours with strong hydrochloric acid, and
the liquid is evaporated, there remains a black-brown syrup containing
leucine, tyrosine, and leucimide. After these bodies have crystallised

out, the syrup is sweet and not susceptible of fermentation : after

boiling with potash, it evolves hydrosulphuric acid on addition of acetic

acid, forms a violet solution with alkaline solutions of cupric oxide, and
dissolves lime, baryta, oxide of lead, and oxide of copper (Bopp).
Egg albumin takes up 11-5 p. c. of hydrochloric acid gas at 14

(Mulder).
When albumin precipitated by alcohol is heated to 80 with a

mixture of one volume of fuming hydrochloric acid and five volumes of

water for two hours, in a current of carbonic acid, a portion dissolves,
while a smaller portion is converted into a translucent jelly which, after

the solution is poured off, dissolves in water, and is again precipitated

by hydrochloric acid. In this operation, hydrosulphuric acid and small

quantities of volatile organic acids are evolved. After washing with
water and drying, the jelly is triturable to a greyish-white powder,
which swells up to a tremulous jelly in water, and dissolves on heating.
Its aqueous solution is precipitated by alum, neutral acetate of lead,
ferric sulphate, stannic chloride, mercuric chloride, and ferricyanide of

potassium in the cold, and by ferric chloride on warming, but not by
ferrocyanide of potassium. The jelly contains (after deducting 0-74 p. c.

of ash) 51-77 to 52-02 p. c. C., 7'42 H., 12-89 N., 1-42 S., and therefore

less nitrogen than chondrin, which it otherwise resembles in its reac-

tions. The solution filtered from the jelly contains chloride of ammo-
nium and a nitrogenous acid free from sulphur, the amorphous mag-
nesia-salt of which contains 41-20 p. c. C., 6-08 H., 11-34 N., 29-56 0.,

and 11-76 MgO., corresponding to the formula C62N6H46Oa2
,4MgO. No

leucine or tyrosine is formed (L. Mayer & Rochleder, Wien. Acad. Ber.

24, 38; 30, 166; Chem. Centr. 1858, 63 and 573; Kopp's Jahresber.

1857, 533 ; 1858, 540).

Coagulated albumin dissolves in dilute hydrochloric acid on addition

of yeast, though more slowly than fibrin. See Fibrin (Dumas, Berzel.

Jahresber. 25, 872).
u 2
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/. Nitric acid throws down from aqueous solutions of albumin a
white precipitate, which turns pasty and dissolves on washing, and is

re-precipitated in yellow flocks by nitric acid in excess. The precipi-
tate dissolves also in acetic acid, and, according to Thenard, in ammo-
nia and potash, provided the nitric acid employed is not concentrated.
The precipitation is the more complete the stronger the acid and the
solution of albumin, and it is accelerated by warming. Very weak
nitric acid turns yellow after some weeks, and converts the albumin
into a yellow mass, which, after washing with cold water, dissolves in

hot water and gelatinises on cooling (Hatschett). Excess of nitric

acid, on warming, dissolves albumin coagulated by heat, or by nitric

acid itself, with evolution of nitric oxide, nitrogen, carbonic acid, and

hydrocyanic acid. The solution is a dark-yellow liquid, which is pre-
cipitated by water, gives a dark-brown precipitate with ammonia, and
after prolonged action of the nitric acid, contains oxalic acid (Hatschett).
The solution contains an ammonia-salt, afterwards oxalic and saccha-
ric acids, and leaves xanthoproteic acid when evaporated (Mulder).
Liquid white of egg coagulates when mixed with half its volume of

fuming nitric acid, becoming hot and yellow. On further heating, the
mixture froths violently, evolves a large quantity of nitric oxide, and

yields a clear solution, from which a small quantity of an amorphous
substance is deposited on cooling (Miihlhauser). See also the decomposi-
tion of proteides by nitric acid (pp. 257, 258).

g. Albumin dried at 130 is insoluble in acetic acid (Mulder).
Aqueous egg-albumin is not precipitated by excess of acetic acid, either

in the cold or on boiling, but the acid solution is precipitated by neu-
tralisation with carbonates of the alkalis (Berzelius). In this reaction,
acetic albuminate is formed, which remains in solution in presence of

small quantities of acetic acid, but gelatinises in presence of larger

quantities (J. C. Lehmann).
When albumin is treated with strong acetic acid, it swells up to a

jelly, which dissolves on addition of water, especially when warmed.
On evaporating the solution, acetic acid is volatilised, the liquid

becoming covered with froth, and solidifying to a jelly, which leaves

coagulated albumin when evaporated to dryness (Berzelius). Albumin
dried in the sun, or evaporated to |rd its volume at 40, coagulates
when acetic acid is poured upon it, and, after washing away the acid,
is then insoluble in water, but soluble in dilute acetic acid. Albumin

purified by Wurtz's method behaves in the same way. The insoluble

albumin thus formed contains, at 130, 53-08 p. c. C., 7-19 H., and
1-706 S. (Lieberkiihn, Virch. Arch. 5, 162).

The first effect of the action of acetic acid is to render the albumin

precipitable by acids. On precipitating with acetic acid a solution of

albumin mixed with chloride of sodium, and filtering off the precipitate
at once, a filtrate is obtained which again becomes turbid on standing.
The first precipitate is soluble in water, and is not thrown down on

neutralising the solution, provided that the acid has not acted too long
(Briicke).

The formation of acetic albuminate takes place even in very dilute
solutions ; immediately in solutions which contain, after mixing, 1 p. c.

of albumin (free from albuminate of soda and globulin) and 0'3 p. c. of
acetic acid, and in mure dilute solutions after standing for some time, or
on heating to 40. In such cases the solutions remain clear, so that the
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albuminate reveals itself only on neutralising them with weak soda.

When the solutions contain, after mixing, 30 p. c. of acetic acid and
2 p. c. of albumin, a jelly is produced. A much larger quantity of

acetic acid dissolves the jelly or prevents its formation, which, however,
is then brought about by heating the mixture to a temperature varying
between 40 and 68, the lower the greater the quantity of acid present ;

or by mixing the solution with an equal volume of alcohol. When the pro-

portion of acetic acid is below 1 or 1^ p. c. of the anhydrous acid to 1 p. c.

of albumin, the solution coagulates at 73, or when mixed with alcohol,
to a white pulp, soluble in water. The formation of acetic albuminate
is attended with evolution of carbonic acid and separation of mucin-like

flocks, and takes place also in vessels from which air is excluded.

The jellies liquefy on heating them to 92 to 97, if they con-

tain at least 8 p. c. of acetic acid to 1 p. c. of albumin, and more easily
in presence of a larger proportion of acid ; with less acid, turbid slimy
masses are produced. On cooling they solidify unchanged. They
dissolve easily in boiling water ;

but those jellies which contain little

acid lose this solubility when heated to 75 or 85 without water, or

when mixed with excess of absolute alcohol.

Gelatinous acetic albumiuate, when evaporated in the air, leaves a

residue, which is insoluble in water, slightly soluble in aqueous car-

bonate of soda, more easily in solution of caustic soda containing
0-5 per cent., and nearly insoluble in aqueous phosphate of soda and
dilute acetic acid (Lehmann).

A solution of albumin highly concentrated at 40 gives with strong
acetic acid, no jelly, but a curdy precipitate, insoluble in water (Lieber-

kiihn, Virchow's Arch. 5, 163). This precipitate, when heated without

washing, melts to a clear liquid, which solidifies again on cooling, and
is insoluble in water both before and after melting. A clear, fusible jelly,

soluble in hot water, is obtained only by dropping a solution of albumin

into excess of strong acetic acid, with constant stirring ;
in this case

it is obtained even with concentrated solutions of albumin (J. C.

Lehmann, Virch. Arch. 36, 110).

Coagulated albumin forms a jelly, though with difficulty, on prolonged

boiling with strong acetic acid. In certain proportions it swells up to

a gelatinous mass, which does not melt when heated, and is incom-

pletely soluble in boiling water (Lieberkiihn). A jelly is not formed,
or is formed only very incompletely, by solid albumin heated above 85 ;

but albumin precipitated from weak acid solutions at 63, is at once

converted into a jelly by acetic acid (Lehmann).

Albumin is coagulated by a very small quantity of lactic acid (Gay-
Lussac & Pelouze).

An aqueous solution of white of egg, to which chloride of sodium or

other neutral salt has been added, is precipitated by phosphoric, acetic,

lactic, oxalic, and tartaric acids. The filtrate contains no albuminous

substance, precipitable by heat or by nitric acid or ferrocyanide of

potassium (Panum). See Acid albumin (p. 261.)

Coagulated albumin dissolves in aqueous ammonia, and leaves on

evaporation yellow transparent fragments, which swell up and dissolve

in water, forming a solution that does not coagulate when boiled. The
ammoniacal solution is coagulated by a small quantity of acetic acid,

and by alcohol, the precipitate formed by acetic acid dissolving in
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excess (Payen & Henry). White of egg mixed with carbonate of

ammonia, like that mixed with caustic ammonia, is precipitated by
neutralisation (J. C. Lehmann, Virchow's. Arch. 36, 125).

When soluble albumin is mixed with aqueous alkalis* or when

coagulated albumin is dissolved therein, albuminates are formed at

first. On boiling the solution, or digesting it for some time with excess

of alkali, sulphide of the alkali-metal and other decomposition-products
are formed, and ultimately ammonia, leucine, and other substances ;

at no period of the action is Mulder's protein free from sulphur produced.
See the articles Protein, Albuminic acid, Casein- Fused hydrate of potash
forms leucine and tyrosine, with evolution of ammonia, hydrogen, and
odorous gases (Bopp).

A solution of albumin in moderately strong potash-ley does not

blacken acetate of lead, or evolve hydrosulphuric acid, which first

makes its appearance on boiling with potash-ley the precipitate pro-
duced by acetic acid (Liebig, Ann. Pharm. 57, 131).

Potash-ley of sp. gr. 1-45, forms with boiled albumin, at 14 or 15,
only a small quantity of sulphide of potassium, acetate of lead being

scarcely blackened thereby ; but on boiling the solution, a large quantity
of sulphide is produced. When the mixture is kept at the temperature
of 50 for a quarter of an hour to three hours, sulphide of potassium is

formed, to a less extent than on boiling, and the precipitate then thrown
down by acetic acid contains sulphur. On further heating, the quantity
of sulphide of potassium formed increases up to 102, as the tem-

perature is higher, the precipitate thrown down by acetic acid

diminishing in the same proportion. All the substances produced
below the boiling-heat yield sulphide of potassium, as do also those

formed on boiling, at least when fused with hydrate of potash (Laskow-
ski). According to Briicke, solid alburninate of potash (see Albuminic

acid), previous to washing, evolves hydrosulphuric acid when treated

with acids.

When a solution of egg albumin in a very small quantity of dilute

potash-ley is heated as long as the sulphur-reaction continues to

become more distinct, and the product is mixed with hydrate of bismuth
or finely divided silver, till a test-portion boiled with potash and
oxide of lead no longer yields sulphide. then filtered, and precipitated
with acetic acid, a white precipitate (a) is obtained, whilst the solution,
when evaporated to a syrup and mixed with a large quantity of alcohol,

deposits a second precipitate (b). The precipitate a, after washing,
dries up to a transparent, dark-yellow, easily friable mass, which floats

on boiling water as if melted, and does not dissolve in absolute alcohol.

The precipitate b resembles a, but is easily soluble in water. Both
are free from sulphur, or contain only very little. Albumin dissolved

in potash ley evolves hydrosul phate of ammonia when boiled with
chloride of ammonium, but the whole of the sulphur is not separated

by boiling even for many hours (Laskowski, Ann. Pharm. 58, 158).

According to Mulder, when albumin is dissolved in potash-ley and
the solution is exposed to the air, his protein is produced, the albumin

losing phosphorus in the form of hypophosphite, whilst the sulphur is

oxidised, and products soluble in water and alcohol are formed. Caustic

potash in excess evolves ammonia on boiling, arid produces carbonic

acid, formic acid, leucine, protide, and erythroprotide. On neutralising
the potash with sulphuric acid, evaporating the solution, and boiling
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the residue with alcohol, the boiling liquid deposits erythroprotide in

brown oily drops, and on evaporating, crystals of leucine, formiate of

potash, and protide are obtained, a. Erythroprotide is a reddish-brown,
soft body, precipitable from its aqueous solution by salts of the metals.

b. Protide is isolated by dissolving the above products in water,
adding neutral acetate of lead to the solution to remove erythroprotide,
then precipitating with the basic acetate, and decomposing this preci-

pitate with hydrosulphuric acid. It is an amorphous, straw-yellow
body, not precipitable by mercuric chloride, nitrate of silver, or tannic
acid. On this substance see Liebig (Ann. Pharm. 57, 129).

Fleitmann (Ann. Pharm. 61, 121) in endeavouring to prepare Mulder's

protein free from sulphur, found as follows: On digesting crude
white of egg, or albumin purified by precipitation with alcohol, with an

equal volume of 2 p. c. potash-solution at 60 to 90, in a shallow basin

exposed to the air, the jelly produced at first became fluid, and the

sulphide of potassium formed in the course of a few ho.urs disappeared
again. After standing 14 days, and while the solution still evolved

hydrosulphuric acid with acids, it was precipitated with acetic acid,
the precipitate appearing only after the liquid had become strongly
acid. This precipitate, which contained 1-42 p. c. of sulphur, was

horny at 100, and was not wetted by water, but dissolved in ammonia
and in acetic acid either strong or weak. Another precipitate similarly

prepared but with somewhat stronger potash-solution, to which hydrate
of bismuth was added, contained, on the average, 53-95 p.c. C., 7'21 H.,
16-09 N., and 1-41 S. (Fleitmann).

Theile (Chem. Centr. 1867, 385) found, on boiling albumin with ten

limes its weight of potash dissolved in alcohol for ten hours, at inter-

vals of several days, that ammonia was given off, amounting to 4-46 p. c.

of the albumin. In this case the albumin was in contact with the

potash for three weeks altogether ;
when the distillation is continued

without intermission, as long as ammonia is evolved, it amounts to

2*72 p. c. of the albumin. Baryta-water produces 3 '07 p. c. of ammonia,
and 4-5 p. c. of carbonic acid (Theile). Weak solution of carbonate of

soda, boiled with diluted white of egg, eliminates at most 2 p. c. of

the nitrogen in the form of ammonia (Wariklyn, J. pr. Chem. 103, 58)*
Distillation with potash-ley evolves Jrd, and after addition of perman-

ganate of potash, the whole of the nitrogen as ammonia (Wanklyn,
Chapman, & Smith, J. pr. Chem. 102, 333). See also Campbell (J.pr.
Chem. 102, 355), and Kopp's Jahresber. 1867, 828.

One part of vitellin albumin (obtained from yolk of egg by treating
it with ether till it is decolorised, and washing the residue with absolute

alcohol) when digested for three weeks with If parts of potash, and

3 parts of water at 5. yields a clear dark-brown ammoniacal liquid,

which, when freed from ammonia by boiling and neutralised with sul-

phuric acid, changes from brown to yellow and green, arid evolves

carbonic acid and a repulsive putrid odour. The solution, diluted with

water, filtered, evaporated, and exhausted with alcohol, yields 70 p. c.

of leucine and tyrosine, besides the following bodies :

a. Flocks, which are deposited on neutralising with sulphuric acid

and diluting with water. They are grey, like the proteides, elastic at

first, but hard and brittle after drying, and contain when dried at 120

(after deducting 3'92 p. c. of ash) 66-31 p. c. C., 6-17 N., 10*66 H.,

0-72 S., and 16-14 0., and consist probably of an intermediate decom-

position-product.
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b. A reddish-brown extract, partially soluble in absolute alcohol,
and completely in 90 p. c. alcohol. Its solution in absolute alcohol

deposits crystals easily alterable in the air, and having, according to

Theile, the formula C8NH9 7
.

c. A second reddish-brown extract, insoluble in absolute and in

90 p. c. alcohol. This body, the ash of which amounts to at least

24-25 p. c., likewise crystallises, and, according to Theile, is probably
represented by the formula C8NH9 4

. For the properties of these
bodies see Theile (N. Br. Arch. 118, 19, and 57).

White of egg mixed with potash is not rendered turbid by an aqueous
solution of chloride of sodium, and becomes turbid only after some days
when saturated with the powdered salt (Panum). Lieberkiihn found
albuminate of potash precipitable on addition of chloride of sodium and

warming. The precipitation takes place either in the cold or only on

warming, accordingly as the albumin is more or less diluted with

water, but is determined more especially by the amount of potash and
salt ; the precipitate is in some cases soluble, in others insoluble, in

water (Virchow). Thus white of egg diluted with twice its volume
of water, and mixed with strong soda-ley, is precipitated in large
flocks by chloride of sodium, whilst white of egg saturated with
chloride of sodium, coagulates on addition of soda-ley [according to

Eichwald (Wiirzb. medic. Zeitschr. 5, 356) from separation of albu-

minate of soda, which dissolves in water after washing] or on boiling.
When white of egg is saturated with sulphate of soda and filtered, the
filtrate is precipitated by boiling, but not by addition of soda-ley.
These precipitates are insoluble in water and in excess of soda-ley.
When, on the other hand, white of egg diluted to 8 times its volume
is mixed with very weak soda-ley, warmed for some time, and filtered,
and a large quantity of dry sulphate of soda or a warm saturated
solution of the salt is added, an abundance of large flocks is thrown
down. These flocks diffuse themselves in water, and dissolve on

warming, and are precipitated by the addition of soda-ley, but not by
boiling (Virchow, Ann. Pharm. 91, 334). Eichwald (Wurzb. medic.

Zeitschr.} found white of egg, either pure or diluted, precipitable
by agitation with crystals of chloride of sodium, the precipitate being
perfectly soluble in water

; when potash was added before the chloride
of sodium, the precipitate, after washing, was less easily soluble
in water the greater the quantity of potash employed, but always
rapidly soluble in acetic acid.

Coagulated albumin prepared by Wurtz's method expels carbonic
acid from carbonates and bicarbonates of the alkalis on heating (Wurtz).

Borax acts on albumin in the same way as free alkali (Briicke).

White of egg hardens with lime : coagulated albumin dissolves in
lime-water (Scheele). A solution of the white of one egg in a pound
of water does not precipitate baryta- strontia- or lime-water, or solution
of sulphate of lime (Thomson).

Solutions of alum and sulphate of alumina throw down from aqueous
albumin, white precipitates, which are soluble in excess of the precipi-
tants and in albumin, and are free from sulphuric acid (F. Rose).

^

Albumin does not precipitate arsenious acid, or prevent the detection
of it, but the precipitate thrown down by hydrosulphuric acid contains
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albumin (Simon, PofjgAQ, 308; Kendall, Pharm. J. Trans. 9, 526; Kopp's
Jahresber. 1850, 555). When a mixture of 1 part of arsenious acid

with 100 parts of albumin is coagulated by heat, the arsenic remains in

solution, or may be washed out of the coagulum (Edwards, Pharm.
J.Trans. 9, 524; Jahresber. 1850, 555). See also Muspratt (Chem.
Soc. J. 4, 178) ; Herapath (Phil. Mag. [4] 2, 345) ; Jahresber. 1851,
580. Albumin is not precipitated by tartar-emetic (Simon).

Aqueous albumin gives a slight white precipitate with chloride of

zinc (Bostock). It throws down from sulphate of zinc a white pre-

cipitate soluble in excess of albumin and in excess of sulphate of zinc ;

the precipitate contains 2-73 p. c. of oxide of zinc, but no sulphuric
acid, and dissolves easily in aqueous ammonia, carbonate of soda,

sulphate of copper, and acetic acid (F. Rose).

Albumin forms a hard mass with oxide of lead (Scheele). Aqueous
albumin precipitates neutral acetate of lead copiously, the precipitate

dissolving in excess of the acetate (Simon). It gives even with dilute

basic acetate of lead, a precipitate, which, according to Mulder (Pogg.
40, 271), contains 12*31 p. c., but when the mixture is boiled 6-8 p. c.,

of oxide of lead. Aqueous albumin precipitates nitrate of bismuth, and
renders bichloride of tin slightly milky. Protochloride of tin does not
cause turbidity in albumin (Simon), but forms ammonia on digestion
therewith (Schenk & Chapman, Chem. Centr. 1868, 311). Aqueous
albumin gives a white precipitate with ferrous sulphate.

Sesquichloride ofiron throws down from albumin a brownish-red pre-

cipitate, soluble in excess of the iron-salt. With concentrated solutions

the mixture solidifies to a jelly. The moist precipitate dissolves

easily in aqueous sulphate of copper, acetic acid, potash, and carbonate
of soda, forming solutions which are not affected by boiling. The pre-

cipitate contains, on the average, 2-84 p. c. of ferric oxide, but no
chlorine (F. Rose).

Aqueous albumin precipitates cuprous chloride white
; cupric sulphate

and nitrate greenish-white (Bostock). It throws down from cupric

sulphate a greenish precipitate, soluble in excess of albumin but not in

excess of the copper-salt, and containing 1-60 to 1*69 p. c. of oxide of

copper, but no sulphuric acid. The precipitate dissolves in a cold

solution of carbonate of soda, easily in acetic acid, forming a solution

which is not affected by boiling ; in ammonia with deep blue, and in

potash-ley with violet colour, the latter solution depositing oxide of

copper on boiling, without being decolorised (F. Rose). The precipi-

tates formed vary in composition according as the albumin or the cupric
salt is in excess, the precipitate in the former case containing basic

sulphate, in the latter case neutral sulphate of copper. Both precipi-

tates are decomposed by prolonged washing with water, losing much

sulphuric acid, a little oxide of copper, and organic substance (Mit-

scherlich).
a. On dropping cupric sulphate into excess of albumin, the precipi-

tate formed at first redissolves on agitation, but becomes permanent
with more cupric sulphate, and generally disappears but partially on

addition of excess of the copper-salt. The pale-blue precipitate con-

tains 2-8 p. c. of cupric oxide in the form of basic sulphate with 3 at.

CuO. to 1 at. SO3
.
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b. The bluish-green precipitate produced on dropping albumin into

excess of cupric sulphate, redissolves at first, but on addition of more

albumin, the cupric salt being still in excess, a permanent precipitate
is formed containing 5 -8 to 6'7 p. c. CuO,S0

3
.

Both these compounds, after washing, are insoluble in albumin and
in solution of cupric sulphate. They behave in a similar manner
towards reagents, but their reactions differ according as they are

treated in the moist washed state, or dry, or in solution.

The moist washed precipitates dissolve easily in sulphuric, hydro-
chloric, and nitric acids, forming

1 solutions from which excess of the

acid throws down white precipitates. They dissolve with green colour

hi acetic and oxalic acids, excess of which does not precipitate the

solution. The solution in ammonia is of a fine blue, afterwards brown
colour ; that in potash-ley is a beautiful violet. The precipitates dis-

solve completely in aqueous iodide of potassium ; partially in phos-

Ehate
of soda, leaving a pale-green residue ; and completely in

irrocyanide of potassium, with fine brownish-red colour. They are

insoluble in alcohol and ether.

The dried precipitates, which are of a dark-green colour, dissolve

partially in weak acetic acid, leaving a transparent jelly, and slowly
in sulphuric acid.

The green solution of the precipitates in acetic acid behaves as fol-

lows : Hydrosulphuric acid turns it brown, and throws down, from

strong solutions only, a few brown flocks ; hydrosulphate of ammonia
throws down a yellowish-brown precipitate soluble in excess ; iodide

of potassium throws down a yellow, and ferrocyanide of potassium a

reddish-brown precipitate. All these precipitates contain organic sub-

stance (C. G. Mitscherlich, Fogg. 40, 106).
The precipitate produced from cupric sulphate and albumin is a

mixture of albuminate of copper and sulphate of albumin, the latter of

which, together with a portion of the former, may be extracted by
water, so that the residue then does not contain a larger quantity of

sulphuric acid than of albumin (Mulder, Berzel. Jahresber. 18, 537.

Pogg. 14, 444). A solution of the precipitate in potash-ley is turned

brown, but not precipitated by hydrosulphuric acid ; it is precipitated

by ferrocyanide of potassium only after addition of acids (Simon,

Pogg. 40, 308).

When hydrated oxide of copper is mixed with albumin, and potash-

ley is added, a fine violet solution is formed. The same result is pro-
duced by adding cupric sulphate to albuminate of potash (C. G. Mit-

scherlich). The latter solution deposits coagulated albumin on addition

of acids, whilst copper-salt remains in solution (Monnier, Anatyt. Zeits-

chr. 4, 237). See also p. 262, and K. Graf (Pharm. Viertelj. 7, 117).

Mercurous nitrate throws down from albumin a white precipitate,
which rapidly turns slate-grey, dissolves in potash-ley, forms calomel
with hydrochloric acid, and mercurous acetate with acetic acid (Geo-
ghegan, Ann. Pharm. 24, 36; Bostock). Mercurous chloride is not
affected by agitation with aqueous albumin (Lassaigne). In a mixture
of calomel, chloride of sodium, and water, more mercury is recognisable
after addition of albumin than before : the calomel assumes a grey
colour, and contains metal, part of the mercury being dissolved as

mercuric chloride or oxide (Voit).
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On triturating moist mercuric oxide with albumin, a compound is

obtained which behaves in the same way as the precipitate thrown
down from albumin by mercuric chloride, but is not so white. The
same compound is formed also with albumin and mercuric nitrate or

acetate (G-eoghegari). Moist mercuric oxide dissolves in albumiriate
of potash (Lassaigne). Mercuric sulphate and nitrate throw down
from albumin precipitates containing 4*99 to 14*74 p. c. of mercuric
oxide (Commaille).

Mercuric bromide produces with albumin a less copious precipitate
than mercuric chloride of the same strength, and in dilute solution does
not affect it (Lassaigne, J. Chim. med. 12, 178).

Aqueous albumin precipitates mercuric chloride white, most com-

pletely in warm solutions, even when highly dilute : the precipitate
dissolves in excess of albumin, but not in excess of the mercury-salt.

The precipitate is a compound of mercuric chloride with albumin

(Lassaigne), but when washed for a day it loses the whole of its

chlorine, and there remaius a compound of mercuric oxide with albumin

(Eisner).
a. The precipitate containing mercuric chloride is a white, tasteless,

curdy mass, which turns yellowish, translucent, and horny on drying.
In the moist state it dissolves rapidly in aqueous chloride of sodium,
chloride of potassium, and chloride of calcium, and likewise in iodides

and bromides of the alkali-metals, aqueous phosphoric, sulphurous,
arsenious, oxalic, acetic, tartaric, and malic acids, but not in sul-

phuric, nitric, hydrochloric, or gallic acid. Its solutions in aqueous
neutral salts deposit coagulated albumin containing a large quantity of

mercuric chloride when heated : they give up mercuric chloride to ether.

The precipitate dissolves easily in aqueous ammonia, potash, and

soda, and in lime-water, forming solutions which quickly become turbid

from separation of metallic mercury (Lassaigne, Ann. Chim. Phys. 64,

90).
b. The precipitate obtained free from chlorine by prolonged wash-

ing, is no longer soluble in aqueous chlorides, bromides, or iodides of

the alkali-metals, but dissolves in hydrochloric and acetic acids, forming
solutions which are not affected by boiling. It behaves like the

chlorinated compound towards ammonia and caustic potash (F. Rose,

Pogg. 28, 132 ; Eisner, Pogg. 47, 609). This precipitate was examined also

by Mulder (J. pr. Chem. 16, 148) and Marchand (J. pr. Chem. 16, 383).

Orfila ( Toxicologie, 2, 316), who first recommended albumin as an

antidote to corrosive sublimate, regards this precipitate as a compound
of calomel with altered albumin, containing 62-22 p. c. of albumin.

Bostock found 6 parts of albumin to 1 part of sublimate ; Lassaigne,
93*45 p. c. of albumin and 6-55 of sublimate ; Eisner, in precipitate &,

89-26 p. c. albumin, and 10'74 mercuric oxide. Mulder (Berzel. Jahresber.

18, 537) regards the precipitate as a mixture of a compound of albumin

with mercuric oxide and hydrochlorate of albumin : after washing, it con-

tains, according to his observations, only 0'4 p. c. of chlorine, in the form

of calomel formed by the reduction of the corrosive sublimate (Pogg. 44,

444). The solution formed by treating the washed precipitate with a

quantity of saturated solution of chloride of sodium insufficient to

dissolve it completely, and filtering (see above), contains the whole of the

chlorine as chloride of sodium, and 4-1 parts of chloride of sodium to

1 part of the albuminate precipitate (Voit). Albumin precipitated by



300 PROTEIDES.

fuming hydrochloric acid and redissolved in water, is not precipitated

by mercuric chloride from either cold or hot solution (Commaille).
Mercuric chloride in solution, mixed with an equal number of atoms

of chloride of sodium, precipitates albumin less freely than in the

absence of chloride of sodium, and no longer precipitates it at all when
2 atoms of the mercuric chloride are mixed with 3 atoms of the

sodium salt (Lassaigne). Albumin containing chloride of sodium has

an alkaline reaction after addition of mercuric chloride, which produces
no precipitate ;

on boiling the solution, albumin is thrown down, together
with a little mercury (Voit, Ann. Pharm. 104, 341).

When a filtered solution of white of egg in its own bulk of water
is saturated with neutral salts, mercuric chloride reacts with it as

follows : No precipitate is formed in solutions previously saturated

with iodides, bromides, or chlorides of the alkali-metals ; solutions satu-

rated with the chlorides of barium, strontium, and calcium, give a tur-

bidity soluble in excess of the albuminous liquid ;
solutions containing

phosphate, sulphate, or nitrate of soda, nitrate of potash, borax, or

sulphate of potash, give precipitates, which are for the most part
soluble in excess of the albuminous liquid, all soluble in phosphoric
acid, ammonia, and potash, and precipitable from these solutions by
acetic acid. Solution of albumin saturated with chloride of sodium

gives with phosphoric acid a precipitate soluble in excess, and with

acetic acid, a precipitate insoluble in excess of the precipitant (Melsens).

Aqueous albumin is not precipitated by cyanide of mercury (Bos-

tock).

Albumin produces in solutions of nitrate of silver a white precipitate

(Bostock) soluble in ammonia (Simon). The precipitate contains

16*15 p. C. of oxide of silver ; while moist it turns black in the air, even
in the dark. Solutions of nitrate of silver containing a large excess of

acid give, on addition of albumin, a precipitate containing 8'9 p. c. of

oxide of silver (Mulder).

Terchloride of gold gives with albumin a yellowish, bichloride of
platinum a yellowish-white precipitate. That produced by the latter in

acid solutions of albumin contains, after drying at 100, 7*97 to 8'77 p. c.

of platinum (A. Fuchs, Ann. Pharm. 151, 372).

The platinum-compound of albumin from fresh eggs contains

9-05 p. c., that from older eggs, 9-33 to 10-15 p. c. of platinum.
When diluted and filtered albumin is precipitated with hydrochloric acid,
and the precipitate (that produced at first as well as the second precipi-

tate, which is thrown down by further addition of acid from the solution

after standing two hours) is dissolved in water, bichloride of platinum
throws down from the solution, compounds containing 10'09 and 10'32

p. c. of platinum. Other platinum-compounds contained 9'30 to 10'32

p. c. (Commaille).

Ferrocyanide of potassium throws down from albumin containing
acetic acid, a precipitate free from potash ; 1612 parts of albumin require
for complete precipitation 211 parts of the ferrocyanide, so that the

precipitate is represented by the formula C 114N 18H112S2 44
,H

2
FeCy

3

(Boedeker, Ann. Pharm. Ill, 195).

Platinocyanide of potassium produces in dilute solutions of albumin

slightly acidified with acetic acid, a pasty precipitate, which soon
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settles down in white flocks ; alkaline solutions are not precipitated

(Schwarzenbach). The precipitate is produced only after the conver-
sion of soluble albumin into acid albumin by the acid. When, there-

fore, acetic acid is added to diluted egg
1 albumin till a precipitate is

formed, the acid filtrate gives no precipitate with platinocyanide of potas-
sium, either immediately or on standing ; but when a larger quantity of

strong acetic acid is added, the platinocyanide immediatelythrows down
a curdy white precipitate, proportionate in quantity to the acid albumin
formed. Albumin acidified with hydrochloric acid gives, on addition
of platinocyanide of potassium, a precipitate, which disappears again
at first, and likewise dissolves in excess of the precipitant when the
solution is alkaline, and in carbonate of soda, and is reprecipitated by
acids (Diakanow).

The precipitate is white and curdy ; when dried over oil of vitriol,
or at 100, it becomes translucent, like gum tragacanth, and afterwards

transparent and glassy. In the dry state it is hard, brittle, and slightly

hygroscopic; when heated it evolves an odour of hydrocyanic acid arid

burnt hora, and leaves 5'56 p. c. of platinum (Schwarzenbach, Ann.
Pharm. 113, 185 ; Chem. Centr. 1865, 321). The precipitate contains

amounts of platinum differing with the time of washing and the kind
and quantity of acid present ; that precipitated from an acetic solution

contained 3-17 p. c., while that thrown down from a solution strongly
acidified with hydrochloric acid, contained 1*47 p. c., and with less

hydrochloric acid, 6'33 p. c. of platinum. The amount of platinum in

a precipitate containing 4-52 p. c. was reduced by prolonged washing
to O85 p. c. (Diakanow, Tubing, medic, chem. Untersuch. 1867, 1, 228).
A. Fuchs (Ann. Pharm. 151, 372) also found the percentage of platinum
to depend upon the time of washing, and to vary according as the

platinocyanide or the albumin was in excess at the time of precipita.
tion. Schwarzenbach. thinks it probable that the discrepancy between later experi-
ments and his own may be due partly to the use of Quadrat's salt (viii, 48), instead

of Gmelin's (Zeitschr.f. Chem. [2], vii, 94).

Soluble albumin is coagulated by alcohol, both in the dry state and
in aqueous solution, and is then, according to Payen & Henry, nearly
insoluble in cold, and but slightly soluble in warm ammonia. Lieber-

kuhn (Muller's Arch. 1848, 323) obtained a gelatinous mass by mixing
white of egg, diluted with three or four times its bulk of water, with an

equal volume of alcohol. But according to J. C, Lehmann ( Virchow's

Arch. 36, 116) neutral albumin gives with alcohol a flocculent precipitate,
a jelly being obtained only with alkaline or acid solution of albumin,
and consisting of sodium albuminate or albumin-acetic acid. See also

Serum albumin.

Ether free from alcohol gradually converts egg albumin into a white,
solid jelly ; according to (Jhevreul, even when the ether has been satu-

rated with water by agitation therewith. The jelly behaves with water
like coagulated albumin (Simon). On pouring off .the ether and shaking
the jelly with water, a liquid is obtained, which is precipitated by
alcohol, and therefore still contains albumin (Faure, J. Pharm. 21,

467).

Dilute solution of white of egg is rendered turbid by the addition

of 1 p. c. of carbolic acid, and afterwards coagulates. The coagulum
does not putrefy in the air. A portion of the albumin remains in solu-
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tion. Cresylic alcohol acts in a similar manner, but more slowly (Oesterr.
Vereinzeitschr. 1868, 477).

Oil of turpentine, even when free from acid, causes the white of

ducks' eggs to coagulate (Chevreul). A solution of one drop of the

white of hen's egg in 8 ounces of water, when mixed with two or three

drops of oil of turpentine, becomes opalescent, and deposits coagulated
albumin. A similar effect is produced by petroleum and other volatile

oils, and even by distilled waters containing volatile oils (Lienan,

Polyt. NotizbL 19, 231). Water which has been shaken with camphor
coagulates albumin (Lightfoot, Polyt. Notizbl. 19, 112). See also

Monoyer (Par. Soc. Bull [2], 5, 444)."

When an aqueous solution of albumin, slightly acidified with
mineral acids and thereby rendered clear, is mixed with dextrin,
whether formed by the action of diastase or of acids, there is pro-
duced a flocculent precipitate, which is insoluble in excess of dextrin

and in acids. When proper proportions of the two substances are

employed, the filtrate is not precipitable either by albumin or by dex-
trin. The amount of precipitate is larger when as much as 6 parts of

dextrin is employed to 1 part of albumin than with a smaller propor-
tion. The precipitates dried at 115 contain 13*3 to 14'2 p. c. of

nitrogen, and appear, therefore, not to consist of pure albumin.
Acidified albumin is precipitated by gum arable, an excess of which
redissolves the precipitate, forming a solution which coagulates when
heated even in presence of any quantity of organic acid (Giinsberg,
Wien. Acad. Ber. 45, 643 ; 49, 409 ; Chem. Centr. 1863, 460 ; 1865, 72 ;

Kopp's Jahresber. 1863, 571 ; 1864, 621).

When aqueous albumin is mixed with tannic acid a yellow pitchy
precipitate is obtained (Provost). On adding a little tannic acid to a

large quantity of albumin, a clear liquid is obtained, which is coloured
blue by ferric salts (Quevenne, J. Pharm. 22, 452). The precipitate
has a varying composition (Mulder).

Albumin is not coagulated by rennet at ordinary temperatures.

Albuminic Acid.

LIEBERKUHN. Fogg. 86, 117, and 298; J. pr. Chem. 57, 352; Kapp's
Jahresber. 1851,' 692.

Moderately strong aqueous alkalis produce with all albuminous

substances, bodies called albuminates, or salts of albuminic acid, which
exhibit reactions in common, and agree in composition and chemical

properties with the casein of milk, but differ in their action on polarised
light according to their origin.

According to Kiihne, albuminates occur in animal fluids, especially
in the serum of blood and in serous liquids. When blood-serum diluted
with ten times its volume of water is freed from paraglobin by pre-
cipitation with carbonic acid, a trace of acetic acid added to the liquid

decomposes albuminate of soda, and throws down albuminic acid as a
white pulverulent body, which is insoluble in oxygenated water, and

very slowly soluble in neutral salts of the alkalis, but dissolves easily
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in dilute acids and alkalis (Kiilme). J. C. Lehmaun ( Virchow's Arch.
36, 125) doubts the occurrence of albuminate of soda in the blood ;

Briicke found the precipitate produced by Kiihne's method to be easily
and completely soluble in chloride of sodium, forming a solution which
coagulated like albumin when heated. See also Serum albumin, p. 275.

When egg albumin diluted with three or four volumes of water,
and made slightly alkaline with caustic soda, is mixed with an equal
volume of alcohol, a gelatinous mass of albuminate of soda is obtained,
which in other respects behaves like albuminate of soda prepared with-
out alcohol, but melts when warmed, and solidifies again as it cools.

1 c.c. of a neutral solution of albumin mixed with one drop of 2 p. c.

soda-ley and alcohol forms this jelly, which is not produced with a

larger quantity of alkali (J. 0. Lehmann, Virchow's Arch. 36, 115).
Free albuminic acid precipitated from albuminate of potash by acetic

acid, and by phosphoric or other mineral acids, resembles coagulated
albumin (Lieberkiihn).

Albuminic acid dried

72 C 432
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after very prolonged washing- the pieces become opaque, and are then
insoluble in boiling water (Kiihne, Physiol. Chemie, 175). This effect

is due to carbonic acid in the water
;
in water free from carbonic acid

the pieces melt from without inwards and dissolve (Briicke).
When a solution of albumin gelatinised by potash is treated several

times with water, and afterwards boiled with alcohol, a solution is

obtained, from which ether throws down a precipitate of albuminate of

potash soluble in boiling water and alcohol
; when dried, the precipi-

tate becomes insoluble in both liquids, and is converted into an amber-

yellow mass, difficult to powder. This mass, after washing with

water, which still takes up potash, has the following composition
(Lieberkiihn).

72 C
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tate produced in it by acetic acid is no longer soluble in excess of the
acid. Sal-ammoniac precipitates the alkaline solution on boiling, and
likewise precipitates a previously boiled solution in the cold (Gorup-
Besauez, Ann. Pharm. 125, 122). An aqueous solution of albuminate
of potash, to which a large quantity of chloride of sodium has been

added, is precipitated on warming (Lieberkulm, Virchow's Arch. 5, 162).
The albuminic acid thrown down from alkaline solutions by acids

dissolves easily in dilute acids and alkalis, and in aqueous solutions of

neutral salts of the alkalis containing as much as 10 per cent, of the

salts, provided it has not remained long under water or been boiled

with water. The saline solutions are syrupy, and are precipitated by
addition of water or acids, and by a boiling heat. Albuminic acid

which has been boiled with water is insoluble in saline solutions and
dilute acids

;
after being precipitated from alkaline solutions by acids,

and left for some time under water, it dissolves with difficulty, and only
when heated, in hydrochloric acid of Ol per cent. Albumiuic acid is

converted into syntonin in all acid solutions, so that the precipitate
thrown down from these solutions on neutralisation is insoluble in neutral

salts, and soluble only in caustic alkalis and their carbonates (Kiihne,

PhysioL Chemie, 176). Briicke (Wien. Acad. Ber. 2, Abth. 55, 881;
Chem. Cent?-. 1867, 1003), found the precipitate produced in alkaline

solutions of albumin on neutralisation to be insoluble in saline solutions,
and more easily soluble in acids in proportion as the liquid was more
free from salts.

When a solution of coagulated albumin in the smallest possible

quantity of potash-solution, to which acetic acid is added till the pre-

cipitate disappears, is submitted to dialv sis till it is no longer acid,

there is left a slightly opalescent liquid which coagulates when heated

and is precipitated by mineral acids, small quantities of alkalis, and
neutral salts, and hence contains the albumin (albuminic acid) in a form

analogous to that of Graham's soluble silicic acid (Schiitzenberger,
Par. Soc. Bull. 1, 285; 5, 163). See also Hoppe-Seyler (Anal. Zeitschr.

3, 427).
The presence of alkaline phosphates in solutions of albuminate of

potash prevents, to a certain extent, the precipitation by acids, includ-

ing carbonic (Kiihue ; J. C. Lehmann) and boracic acids (Brucke), so

that solutions are obtained which redden litmus, and, after addition of

more acid, throw down a precipitate soluble in excess of the acid.

When albuminate of potash is mixed with phosphate of soda or potash
and then with dilute acids (acetic, lactic, phosphoric, hydrochloric, or

nitric), drop by drop, till the solution exhibits an acid reaction and

begins to appear opalescent, the addition of ferrocyanide of potassium

produces no precipitate. The solution rendered opalescent, by a rather

larger quantity of acid, does not undergo alteration at ordinary tempe-
ratures ;

it becomes turbid on heating, but still contains albumin in

solution at 100. When, on the contrary, a solution of albuminate of

potash containing alkaline phosphate is mixed with sufficient acid to

redissolve the precipitate first produced, a solution is formed from

which ferrocyanide of potassium throws down an abundant precipitate.

Further, when dilute acids are added to albuminate of potash till in-

soluble albumin begins to be thrown down, the addition of phosphate
of soda produces an acid solution which is not precipitated by ferro-

cyanide of potassium (Rollet, Wien. Acad. Ber. 39, 547; Chem. Centr.

1860, 433).
VOL. XVIII. X
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Albuminate of soda is not coagulated by rennet (Lieberkiihn).

A Ibuminate of Baryta. Precipitated by chloride of barium from
alcoholic (not from aqueous) albuminate of potash, as a mass re-

sembling coagulated albumin. Free from hydrochloric acid (Lieber-

kiihn).
Dried at 130. Lieberkulm.

144 C
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A. Fuchs (Ann. Pharm. 151, 372) found 3'29 per cent, of silver in

the salt dried at 100.

Casein.

SCIIEELE. OpUSC. 2, 101. FOURCROY & VAUQUELIN. N. Gehl. 2, 638.
- BERZELIUS. Schw. 11, 277 ; Lehrb. 3, Aufl. 9, 676. SCHUHLER.

Sc/tw. 19, 458. BRACONNOT. Ann. Chhn. Phys. 35, 159 ; 43, 337.

MULDER. J. pr. Chem. 17, 333; 20, 340. Berzel. Jahresber. 26, 910.

SenERE R. Ann. Pharm. 40, 1.

DUMAS & CAHOURS. N. Ann. Chim. Phys. 6, 411.

ROCHLEDER. Ann. Pharm. 45, 251.

SCIILOSSBERGER. Ann. Pharm. 58, 92; Berzel. Jahresber. 27, 636.

BOPP. Ann. Pharm. 69, 16; Pharm. Centr. 1849, 241; Jahresber.

1849, 491.

LiEBERKiiiiN. Fogg. 86, 117 and 298; Jahresber. 1852, 692.

F. HOPPE- SEYLER. Virchow's Arch. 17, 417; Chem. Centr. 1860,49
and 65; Jahresber. 1859, ^l. Krit. Zeitschr. 1864,737; Anal.
Zeitschr. 3, 424 ; Jahresber. 1864, 614.

MILLON & COMMAILLE. Compt. rend. 59, 301 ; N. J. Pharm. 46, 273 ;

Chem. Centr. 1865, 428 ; Jahresber. 1864, 622. Compt. rend. 60,
118 and 859; 61, 221; J. Pharm. Chim. [4] 1, 204; 2, 144 and

278; Jahresber. 1865, 643. COMMAILLE. Receuil des memoires de
med. militaire [3] 17, 145 and 249 ; Chem. Centr. 1867, 588.

Casein is the name given to the proteide which occurs in the milk
of mammals, in especial abundance in that of carnivorous animals,
and, as a rule, predominates over the other proteides. According to

Fr. Simon (Die Frauenmilch, Berlin, 1838; Berzel. Jahresber. 1839, 714)
the casein of human milk is different from that of cow's milk.

This proteide is regarded either as a peculiar substance, or as
identical with serum-albuminate of potash.

The latter view is supported by the fact that all the albuminous
reactions of milk are exhibited by artificial solutions of albuminates of

the alkalis
;

also by the occurrence (disputed, however, by Briicke,

Eichwald, and others) of small quantities of alkaline albuminates, not

only in milk, but in all albuminous animal fluids. The reactions described
as peculiar to casein are comprehensible when it is remembered, on the
one hand, that milk contains, besides alburn inate of potash, phosphate
of potash, and a number of substances capable of yielding free acids

by fermentation ; and, on the other hand, that the behaviour of alkaline

albuminates is essentially modified by the presence of alkaline phos-
phates (Ktihne, Physiol. Chemie, 565). Hoppe-Seyler (Handbuch. 188)
considers the identity of the two bodies to be disproved by their action

on polarized light. Strong potash-solution increases the rotatory power
of serum albumin to 86, and that of casein to 91. Moreover, casein

dissolved in potash-solution, and precipitated therefrom by acetic acid,
cannot be distinguished from natural casein, although the smell of

hydrosulphuric acid evolved in the process shows that the two differ.

Although both these grounds appear to me to be inconclusive, the separate treatment
of the two substances seems to be expedient in this work (Kr.).

Milk contains, especially at the commencement of lactation, a second

proteide, which is generally described as albumin (p. 274). The sepa-
x 2
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ration of this milk-albumin from casein is specially provided for in the

first two only of the following methods of preparation.

Preparation. 1. Milk is saturated with crystallised sulphate of

magnesia; the thick white mass of precipitated casein is collected,

washed with saturated solution of sulphate of magnesia, and dissolved

in a volume of water equal to the milk employed ; the fat is separated

by filtration ;
and the colourless filtrate is evaporated at 40, whereupon

casein containing sulphate of magnesia separates in lumps (Denis).

2. New milk is diluted to 20 times its bulk with water, and weak acetic

acid is dropped into it, with constant stirring, till a flocculent precipitate

begins to form. Carbonic acid is then passed through it for a quarter
or half an hour, after which it is left to itself for a few hours or a day.
The casein, mixed with butter, then goes down as a fibrous flocculent

precipitate, which is separated by filtration, washed, and freed from

butter by means of alcohol and ether (Hoppe- Seyler, Handbuch. 357).

3. Diluted milk is mixed with hydrochloric acid till a copious

coagulum and a clear yellowish liquid are produced. The precipitate is

washed with water containing 2 or 3 per cent, of hydrochloric acid,

and then with pure water, till it becomes gelatinous, and is afterwards

diffused through water at 40. From the solution thus formed, alka-

line carbonates throw down casein which is easily washed (Bopp).

4. Milk is warmed with dilute sulphuric acid
;
the coherent curdy

mass which is precipitated is kneaded under water repeatedly, and
treated with a slight excess of a strong aqueous solution of carbonate

of soda ;
and the turbid liquid thereby formed is allowed to stand in

shallow vessels, till the butter separates in the form of a floating layer.

After removing this last, the solution is precipitated with dilute sul-

phuric acid ; the precipitate is purified by kneading it under water ; and

this process of dissolving and precipitating is repeated three times.

The casein thus obtained still contains sulphuric acid (and hence is

partially soluble, especially in warm water, forming a solution, which

yields it in pellicles on evaporation, and in flocks when neutralised with

carbonate of soda), from which it is freed by boiling it 15 or 20 times,

with 60 to 70 parts of water. Lastly, it is boiled with alcohol and

ether, to free it from substances soluble in those liquids (Rochleder).

5. Milk is coagulated at the boiling-heat by means of acetic acid,

and the casein thrown down is washed with hot water, alcohol, and

ether. Or the casein is dissolved in moderately dilute solution of car-

bonate of soda ; the solution is left at rest till the butter separates,
then precipitated with acetic acid

;
and the precipitated casein is purified

as above (Rilling) . Similar processes were adopted by Mulder and by
Dumas & Cahours.

6. Milk is mixed with a saturated solution of chloride of sodium ;

the coagulum of casein thereby thrown down is washed with alcohol

and ether, and dissolved in weak ammonia
;
the solution is precipitated

with acetic acid, and the precipitate is washed with cold water, alcohol,

and ether (A. Volckel, J. pr. Cham. 71, 118).

According to Mulder (Berzel. Jahresber. 26, 910) casein may be

separated into two distinct substances, one of which is precipitated
from the solution of hydrochlorate of casein by carbonate of ammonia.
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whilst the other is thrown down from the filtrate only on addition of

hydrochloric acid. Further, the former is thrown down from butter-
milk by hydrochloric acid, the latter only on boiling the filtrate.

Schlossberger (Ann. Pharm, 58, 92) confirms Mulder's statement, and
believes that only the casein precipitated by carbonate of ammonia
contains sulphur, not that which is thrown down from the filtrate by
hydrochloric acid. Bopp (Ann. Pharm. 69, 16), however, found sulphur
both in the casein free from chlorine thrown down by carbonate of

ammonia, and in that containing chlorine precipitated by hydrochloric
acid; in neither case is the sulphur recognisable on heating with potash
and oxide of lead. When soluble hydrochlorate of casein is precipitated

by carbonate of ammonia and filtered, the filtrate is still precipitable by
hydrochloric acid, either because it contains casein-ammonia, owing to

too much, or hydrochlorate of casein, owing to too little carbonate of

ammonia having been added (Bopp).
Millon and Commaille distinguish a casein suspended in milk, and

another dissolved in it, the former being said to contain 14-87, the
latter 17' 18 p. c. of nitrogen. On diluting new milk with water, and

filtering, the suspended casein is said to remain on the filter with the
cream. The amount of soluble casein decreases rapidly on standing,
so that milk diluted with water and allowed to become sour contains

no casein, but only albumin in solution. Millon & Commaille after-

wards (J. Pharm. C/tim. [4], 2, 144) gave for soluble casein the formula,
io8^i4jj97Q29 _j, 5 aq^ ^}le insoluble being stated to contain 2 atoms of

water less. Casein dried over oil of vitriol loses 2-21 p. c. (= 3 atoms)
of water at 115, and 3 '71 p. c. (= 5 atoms) at 150. All these state-

ments, as well as the formula (calc. 55-24 p. c. C., 16-71 N., 8-27 H.,
19*78 0.), which takes no account of the sulphur, appear to contain but
little that is true (Kr.).

Properties. Amorphous, yellowish, hygroscopic mass, without
taste or smell. According to Rochleder, it reddens litmus, without

giving up acid to water.

Rotates a ray of polarised light to the left ; [a] j
for casein dissolved

in aqueous sulphate of magnesia, is equal to 80
;
in very weak hydro-

chloric acid, 87
;

in slightly alkaline solution, 76 ;
in strongly

alkaline solution, 91 (Hoppe-Seyler, Handbuch der physiol. Anal.

1865, 191).
Mulder. Sclierer.

1. 2. 3. 4. 5. 6. 7.

Dried at 130. 130. 100. 100. 100. 100. 100.

C 54-21 .... 54-68 .... 55'57 .... 54-13 .... 54-00 .... 53"89 .... 5379
H 7-15.... 7-31.... 7-63.... 7-15.... 7'35 .... 7'35 .... 6-93

N.... . 5-80 .... 14-00 .... 15-87 .... 15'63 .... 15'72 .... 15'4fl .... 15'67

Ash deducted ... 3'83 ....

Kochle

8.

Dried at 145.

C R3-43 ....
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is dissolved to a frothing liquid, and evolves volatile products consisting
of acetic, propionic, and butyric aldehydes, oil of bitter almonds, and
several volatile acids, viz., formic, acetic, propionic, butyric, valerianic,

caproic, and benzoic acids, but no hydrocyanic acid. A mixture of

bichromate ofpotash and sulphuric acid forms large quantities of hydro-
cyanic acid, no aldehyde, a trace of bitter almond oil, propionic
aldehyde, valeronitrile, a heavy neutral oil having an odour of cin-

namon, and the same volatile acids as are obtained with binoxide of

manganese and sulphuric acid, with the exception of caproic acid, the

presence of which is doubtful (Guckelberger, Ann. Pharm. 64, 39).
Chromic acid throws down from solutions of casein a dark-yellow
coagulum, which behaves towards acids and alkalis in the same way as

the precipitate similarly obtained from solutions of albumin (Hiihnefeld,
J. pr. Chem. 9, 30). Milk diluted with water and acidified decolorises

permanganate ofpotash, owing to the casein and albumin contained in it

(Monier, Cornpt. rend. 46, 236, and 425).

5. When chlorine is passed through aqueous casein-ammonia, white
flocks of protein-chjorous acid are precipitated ; the acid filtrate con-
tains a little humin and salts (Mulder). 6. Nitric acid dissolves cheese
with yellow colour, forming Mulder's xanthoproteic acid. 7. Curds

precipitated by rennet dissolve in hot oil of vitriol with dark-red colour,

forming a solution which gives with water at first a white, but after

some weeks a dirty-brown precipitate (Schiibler). Casein forms with
oil of vitriol a transparent jelly, from which water throws down

casein-sulphuric acid (Mulder). Moderately dilute sulphuric acid de-

composes casein in the same way as hydrochloric acid (Bopp). The

products of decomposition include aspartic acid (Kreussler, J. pr. Chem.

107, 240).

8. Casein dissolves in 4 to 5 parts of strong hydrochloric acid with
fine violet colour, gradually turning brown on exposure to air. When
the solution is boiled for 6 or 8 hours and evaporated, there remains a

dark viscid syrup, which contains, of crystallisable substances, leucine,

tyrosine, and leucimide ; the non-crystalllsable portion tastes sweet,
does not undergo fermentation with yeast, evolves hydrosulphuric acid

when boiled with potash and afterwards acidified with acetic acid, and
forms a violet solution with potash and sulphate of copper (Bopp).
Schiibler had previously noticed that curds thrown down by rennet dis-

solved with blue colour in hydrochloric acid.

9. When casein precipitated by acetic acid is dissolved in potash-ley,
the alkaline solution does not blacken acetate of lead, or evolve hydro-

sulphuric acid when mixed with acids, but both these effects are pro-
duced after the alkaline solution has been boiled (Liebig, Ann. Pharm.

57, 131). Scheele noticed the evolution of hydro-sulphuric acid pro-
duced by acids in solutions of casein in potash-ley. By digesting the

alkaline solution with hydrate of bismuth for 6 or 8 hours, at a tem-

perature near the boiling-heat, sulphur amounting to 0-07 per cent, of

the casein is obtained in the form of sulphide (Fleitmann, Ann. Pharm.

66, 380). The precipitate thrown down (with evolution of hydrosul-

phuric acid) by acetic acid from a solution of casein in weak potash-

ley (Mulder's protein) contains at 140, after deducting 1-43 p. c. of

ash, 53-46 p. c. C., 15-94 N., and 7'10 H. (Dumas & Cahours, N. Ann.

Chim. Phys. 6, 420).
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On heating- a solution of casein in weak potash-ley till the precipi-
tate produced by acetic acid in a hot test-portion of the liquid melts to

a resinous mass and dissolves in alcohol, and then precipitating- the hot

solution with acetic acid, there is thrown down a white or yellow viscid

body, which is nearly free from sulphur, and afterwards hardens to a

yellowish-brown mass in the air. This body dissolves in water and is

precipitated from the solution by acids ;
it forms with boiling alcohol

a turbid liquid, from which it is deposited again on cooling. Boiling
1

baryta-water dissolves it, forming a crystalline and an amorphous com-

pound, from solutions of which acids throw down a curdy precipitate

(Laskowski, Ann. Pharm. 58, 160).
When casein is melted with its own weight of hydrate of potash,

according to xiii, 359, till not only ammonia but also hydrogen is

evolved, the following products are formed : tyrosine, leucine, and, as

decomposition-product of the latter, valerianic acid (or by prolonged
fusion, butyric acid) ; also oxalic acid and a volatile substance which
smells like faeces and reduces oxide of silver, but no formic acid

(Liebig
1

,
Ann. Pharm. 57, 127 ; Bopp Ann. Pharm. 69, 20). Leucine is

formed very early, tyrosine only later (Bopp).

10. When casein covered with water is exposed to the air for

several months in summer, putrefaction takes place, and the following
volatile bodies are formed : carbonic acid, hydrosulphuric acid, am-

monia, butyric acid, valerianic acid, and an oily body easily alterable

by air or by acids ; leucine is also formed as a non-volatile product.
A portion of the casein dissolves under the influence of the ammonia

produced (IIjenko, Ann. Pharm. 63, 264; Kopp's Jahresber. 1847 and

1848, 839). Similar observations were made by Bopp. See Albumin.

Braconnot (Ann. Chim. Phys. 35, 159), and Proust (Ann. Chim. Phys.

10, 29) previously investigated the products formed by the putrefaction
of cheese (not pure casein). See Leucine xi, 425. Even in the ripen-

ing of cheese, the casein becomes altered, with formation of ammonia
and leucine, but it is not converted into fat as stated by Blondeau.
See Blondeau (Compt. rend. 25, 360; further Ann. Chim. Phys. (4, 1,

208) ; Brassier (Ann. Chim. Phys. (4) 5, 270
;

Chem. Centr. 1865, 888).
In a strongly smelling Limburg cheese, 11jenko and Laskowski (Ann.
Pharm. 55, 78) found volatile fatty acids and unaltered casein. On
addition of carbonate of ammonia or of chalk, the putrefaction of casein

proceeds in the same way as that of fibrin (Brendecke).
When milk is milked into glass vessels which are immediately

closed air-tight, it deposits, after some time only, a coagulum which
afterwards re-dissolves, so that the then nearly colourless liquid con-
tains only butter and a little coagulated casein undissolved. The acid

filtrate obtained after two years' standing does not behave like a solu-

tion of casein when evaporated ; it is precipitated on heating by sal-

ammoniac, chloride of sodium, chloride of potassium, sulphate of

soda, sulphate of potash, and saltpetre ; the precipitates formed by the
same salts at low temperatures are soluble in water and not afterwards

coagulable by heat (Sullivan, Phil. Mag. [4] 18, 203 ; J.pr. Chem.lS, 140).

11. On adding to milk, at 30 to 38, T^th to 4^th of rennet (that
is, the mucous membrane of the stomach of a sheep or calf freed from

liquid, dried, and again softened in water), it deposits the casein, after
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the lapse of a few hours, in the form of a coherent tremulous jelly

(ordinary cheese), which, after pressing-, is white and elastic, and

readily cakes together (Schiibler). In this prpcess there remains in

solution a body precipitable by acetic acid at 75 to 100, which
Schiibler distinguished from casein as Zieyer. Gmelin, Bergsma, Ber-

zelius, and Fr. Simon agree in regarding Zieger as casein, which is

retained in solution, according to Bergsrna, by free acid, or, according
to Simon, by alkali. The casein of Denis is not coagulated by rennet,

except after addition of whey.
According to Simon, rennet acts by first forming lactic acid, which

then decomposes the casein-alkali of the milk : hence the formation of

curds and the acidification of the liquid take place simultaneously at

37 to 43 (Simon). According to Selmi ( X. J. Phann. 9, 265
; Berzel.

Jalire^ber. 27, 635), however, solutions of oxalate and acetate of casein
are likewise coagulated by rennet ; whilst milk having an alkaline reac-

tion, or mixed with alkali, yields alkaline curds and alkaline whey,
when heated to 50 or 56 with rennet. Heintz (Zoochemie, 687) found
both these statements to be correct, the difference in the results of

experiment being due to differences in temperature. Milk is rendered
acid by rennet at about 40, but at 54 to 62 it may be coagulated
without being rendered acid. According to Kiihne (Physiol. Chemie,

567), a partial separation only of the casein took place in these experi-

ments, such as is produced by the smallest quantity of acid at these

high temperatures, the liquid again acquiring an alkaline reaction. See
also Klunk (Dissert, iiber die Coagulation der Milch (Lurch Labflussigkeit,

Giessen, 1863 ;
Jahresber. 1863, 648).

The coagulation of milk takes place the more rapidly the longer
the rennet has been in contact with air and water

; the mucous mem-
brane when perfectly fresh is almost without action. Curds coagu-
lated by rennet are insoluble in alkaline carbonates, or dissolve only
after prolonged boiling, owing to the presence of phosphates of lime

and magnesia. When treated with sulphuric acid, they deposit the

earthy phosphates (Liebig, Handwdrterbuch, 3, 229).

Combinations. Casein is insoluble in water. The soluble casein of

the older chemists is mostly casein-alkali. One part of Rochleder's

casein remained in solution in 422 parts of cold water, when the solu-

tion was prepared by boiling.

With Acids. Solutions of casein in alkalis are precipitated by
acids, with the exception of carbonic acid (Rochleder), and phosphoric
acid (Braconnot). In the absence of alkaline phosphates, they are pre-

cipitated by neutralisation with acids ;
in presence of phosphates an

excess of acid is necessary.
All precipitates thrown down by acids from alkaline solutions of

casein (including those produced by hydriodic, perchloric, sulpho-

cyanic^ and acetic acids), are compounds of casein with the acids
;

they are all decomposed by water, the acetic acid compound most

easily. On dissolving the compound of casein with an acid in aqueous
alkali and adding another acid in excess, the casein goes down with
the latter, or with both acids together. Thus, when sulphate, phos-

phate, oxalate, or arseniate of casein is dissolved in alkali, and nitric

acid is added to the solution, nitrate of casein is precipitated ; and
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conversely, sulphate of casein is thrown down by sulphuric acid from
an alkaline solution of the nitrate (Millon & Commaille, J. Pharm. [4],

1, 24).

These compounds have the following formulae, in which casein,

(according to Millon & Commaille), is represented by the symbol Cas (Millon &
Commaille, J. Pharm. Chim. [4] 1, 204) :

Phosphate of Casein. Cas, PO 5 + 4aq. Gives off the water at 130. When
digested with moderately dilute sulphuric acid, it is converted into sulphate.

Sulphate of Casein. Cas, SO3 + 4aq. Loses 3 atoms of water at 130.

According to Millon & Commaille, phosphoric and sulphuric acids may also combine
with casein both together. See Mulder's statement (infra).

Hydrochlorate of Casein. Cas, HCL
Nitrate of Casein. Cas, NO5 + 8aq. Loses 6 atoms of water at 115, 7 atoms

at 130, and 8 atoms at 160.
Arseniate of Casein. Cas, AsO5 + 8aq. Loses the whole of the water at 130.
Chromate of Casein. Cas, CrO3 + 8aq.
Oxalate of Casein. Cas, C'-'O3 + 5aq. Loses 3 atoms of water at 115, 4 atoms

at 130, and 5 atoms at 150.

Milk is not precipitated by dilute solution of boracic acid, but on

adding small quantities of milk to strong solutions of the acid, casein

is separated in flocks, which may be freed from fat and other im-

purities by washing with aqueous boracic acid, water, and ether.

When chloride of sodium is previously added to the milk, no albumin
is thrown down with the casein (Briicke, Wien. Acad. Ber. 2 Abth. 55,
881 ; Chem. Centr. 1867, 1006).

The behaviour of milk with carbonic acid varies according to the

length of time it has been kept. a. Perfectly fresh milk is not pre-

cipitated by a current of carbonic acid and subsequent boiling, b. A
few hours later, the milk coagulates on boiling if carbonic acid has been

previously passed into it. c. After a further lapse of a few hours, it

coagulates on boiling, even without carbonic acid. d. Still older milk

coagulates when treated with carbonic acid without boiling, e. Lastly,
it coagulates spontaneously (Hoppe-Seyler).

The precipitates produced by sulphuric, hydrochloric, and nitric acids

in aqueous casein (-soda), or in milk, are insoluble in excess of the

acids, but when excess of acid is removed by repeated washing with

water, the resulting neutral compound is soluble in warm water (Ber-
zelius). The casein thrown down by sulphuric acid contains 2 '89 p. c. SO3 and
1-83 PO5

(Mulder). Subsequently (J. pr. Chem. 44, 489) Mulder stated that sul-

phate of casein contains 8'45 p. c. SO3
. The precipitated casein loses the whole of

the sulphuric acid when washed (Rochleder) .

Casein dissolves in water containing hydrochloric acid (Hoppe-
Seyler). This solution exhibits the reactions of Bouchardat's albuminose

(p. 268), (Bouchardat, Ann. Pharm. 43, 124). The precipitate thrown
down by hydrochloric acid from casein-potash dissolves in a somewhat

larger quantity of the acid and is re-precipitated by a much larger

quantity (Braconnot). When hydrochloric acid is added to diluted

milk till a bulky coagulum and a clear yellowish liquid are formed, and
the former is washed with water containing 2 p. c. of hydrochloric acid,
the precipitate thus obtained swells up in pure water as the hydro-
chloric acid is removed, ultimately becoming gelatinous, and then dis-

solving in water at 40. This solution contains hydrochloric acid ; it is

precipitated by acids and by alkalis. The precipitate thrown down by
hydrochloric acid dissolves in alcohol, forming a solution from which
ether throws down dense flocks, which contain hydrochloric acid
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[2-61 p. c. (Schlossberger), and swell up and dissolve in water. The
flocks dry up to a brittle, friable, gummy mass (Bopp; Sohlossberger)].
On dialysing the solution of hydrochlorate of casein, a liquid is obtained

which is coagulated by heat, by mineral acids, and by acetic acid

(Schiitzenberger, Par. Soc. Bull. 1, 285).
Acetic acid, in small quantity, throws down from casein-potash a

flocculent curdy precipitate, which dissolves in excess of the acid (Ber-
zelius

; Schiiber). The precipitate is free from acetic acid (Mulder ;

Rochleder).
Casein heated with glacial acetic acid to 180 in sealed tubes, yields

hydrosulphuric acid and tyrosine (Lubarin, Med. Ckem. Unters. 1871,

463).

Hydrocyanic and tannic acids do not precipitate alkaline casein.

Citric arid tartaric acids in excess readily dissolve the precipitate
formed at first (Millon & Commaille). According to older statements,

liquids containing tannic acid coagulate milk.

Since milk when exposed to the air, generates a large quantity of

acid, the casein it contains is then thrown down as a coherent mass ;

sour cheese, cream cheese. In Uie course of milk turning sour three

periods are to be distinguished : a. The milk is liquid, and deposits
albumin- like flocks on boiling, b. It is liquid, but curdles on boiling.
c. It is curdled. These various conditions are determined by the

amount of lactic acid formed (Scherer). See also above the behaviour of

milk with carbonic acid.

With Bases. Casein dissolves easily in aqueous ammonia, and
in fixed alkalis and their carbonates.

Its solution in aqueous ammonia is not precipitated by alcohol

(Millon & Commaille). The casein thrown down by alcohol from milk
swells up to a jelly in cold aqueous ammonia, and dissolves in presence
of more water (Soubeiran).

Casein-potash and Casein-soda. Casein dissolves much more

readily than egg- or milk-albumin in alkaline water (Millon & Com-
maille). It neutralises carbonate of soda, but does not expel carbonic

acid from bicarbonate of potash in the cold (Rochleder). On heating
5 pounds of fresh curds to 100

; washing with water
; dissolving in

water with the help of 12'5 grammes of bicarbonate of potash ; eva-

porating the solution ; dissolving the residue in boiling water ; re-

moving the butter ; precipitating with sulphuric acid ; washing the

precipitate and dissolving it in a very small quantity of potash-ley ;

mixing the solution with at most an equal volume of alcohol
;
arid

allowing it to stand for 24 hours, sulphate of potash and butter

separate, whilst the filtrate, on evaporation, yields casein containing

potash. Casein-potash is thus obtained as an amorphous mass, which
resembles gum-arabic ;

reddens litmus ;
dissolves to a clear, thick, viscid

liquid in cold and in boiling water ; and forms perfectly soluble pellicles
when its aqueous solution is evaporated (Braconnot).

An aqueous solution of casein (-soda) boiled in an open vessel, does
not coagulate in a mass, like solution of albumin, but becomes covered
with a pellicle which is nearly insoluble in water (Berzelius). Milk

pellicles are formed even when oxygen is excluded by a current of carbonic acid

(Hoppe-Seyler). Contrary to the statements of Scherer (Ann. Pharm. 40, 1). See
above his analysis of the pellicle of milk.

Aqueous solutions of casein-potash are precipitated by a large
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quantity of potash- or soda-ley, the precipitates dissolving when
washed with water (Braconnot).

Casein-potash dissolves in very weak spirit (Braconnot). Solutions

of casein in potash- or soda-ley are not precipitated by alcohol (Milloii
& Commaille). When milk is mixed with alcohol till it coagulates,
and the curd is boiled with alcohol, it dissolves for the most part, and

separates from the solution on cooling in flocks which dissolve in

water and boiling alcohol, and leave an alkaline ash when incinerated,
whilst the portion of the coagulum insoluble in alcohol leaves a neutral

ash (Scherer). Ether free from alcohol does not coagulate aqueous
casein (-soda) (Gmelin). Sugar in large quantity throws down from

casein-potash a precipitate soluble in water (Braconnot).
Casein destroys the alkaline reaction of bisodic phosphate, and dis-

solves therein to a frothing, turbid liquid, which leaves a glassy film

when evaporated (Rochleder). This solution, like that of casein in

soda-ley, when submitted to dialysis, gives up a portion of the salts :

the remaining neutral solution of casein is not affected by boiling, but

gives curdy precipitates with alcohol and sulphuric acid. The precipi-
tate obtained from the phosphate of soda solution contains 8-3 p. c.,

that from the solution in soda-ley 5'1 p. c. of the dry substance of ash

(A. Miiller, J. pr. Chem. 103, 49).

When casein precipitated by sulphuric acid is digested with carbo-

nate of baryta or carbonate of lime, a portion of these bases is dissolved

(Berzelius ; Gmelin). The carbonates of lime, baryta, magnesia, cupric

oxide, and lead-oxide, as also binoxide of tin, form insoluble precipitates
when digested with solution of casein-potash (Braconnot). Small

quantities of lime-water precipitate milk
; larger quantities re-dissolve

the precipitate (Scheele). When casein is agitated with water and

baryta, lime, or magnesia, and the liquid is filtered, solutions are

obtained, from which alcohol throws down compounds of these

bases with casein. The baryta compound, Cas,BaO + 4aq., (Cas =
C 108N 14!PT 29

),
and the lime-compound, Cas,5CaO + 4aq., absorb car-

bonic acid from the air, which is not the case with the magnesia-

compound, Cas,2MgO -f 4aq. (Millon & Commaille).

A mixture of casein and phosphate of lime dissolves very easily in a
small quantity of aqueous alkali, forming a faintly alkaline liquid,
which behaves like milk when heated with acids and salts (llaidlen,
Ann. Farm. 45, 267).

Aqueous solutions of all the compounds of casein with bases take

up cupric hydrate, whereby even the ammonia- and alkali-compounds
are rendered precipitable by alcohol. In this way the following bodies

are obtained :

Casein with Ammonia and Cupric oxide, Cas,NH
4
0,3CuO, a greenish-

grey precipitate thrown down by alcohol from the violet-green solu-

tion.

Casein with Potash and Cupric oxide, Cas,6KO,CuO ; and Casein with

Soda and Cupric oxide, Cas,5NaO,2CuO. The precipitates thrown down
by alcohol from the fine violet solutions run together into sticky
masses, which, after kneading with alcohol, fall to powder in ether.

Casein with Baryta and Cupric oxide, Cas,4BaO,3CuO + 7aq.
Casein with Lime, and Cupric oxide, Cas,6CaO,3CuO ; a fine violet.

Casein with Magnesia and Cupric oxide, Cas,2MgO,CuO.
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Casein with Potash and Zinc-oxide, Cas,7KO,2ZnO. When pre-
cipitated oxide of zinc is triturated with aqueous casein-potash, an
elastic mass is formed which produces a thick pulp with water, arid

afterwards dissolves. After drying it is white and horny : it is not

precipitated from solution by alcohol.

Casein with Ammonia and Mercuric oxide. When casein is tritu-

rated with yellow mercuric oxide and ammonia, the mass swells up
and becomes paler, and, when washed with ammonia-water, alcohol,
and ether, leaves a compound of 1 atom of casein with 2 atoms of

mercurammonmm oxide containing as much as 38'93 p. c. of mercury.
Casein with Silver-oxide, Cas,AgO, is precipitated by neutral nitrate

of silver from ammoniacal solution of casein. The white curdy pre-
cipitate dissolves very easily in ammonia, and blackens on exposure to

light (Millon & Commaille).
Milk, to which chloride of sodium or saltpetre has been added, re-

mains fluid for a considerable time, coagulating only after keeping for

7 days : when boiled it forms flocks, not a coagulum (Scherer). Milk

coagulates at the boiling heat when saturated with salts of the alkalis

or alkaline earths (Scheele). Casein is insoluble in solution of

chloride of sodium (Hoppe-Seyler). It dissolves in solution of chloride

of sodium containing 10 p. c. of the salt, but is rendered insoluble

therein by heat or by contact with moist air or alcohol (Denis).

The casein of Denis dissolves in water, owing to the presence of

sulphate of magnesia: the solution deposits flocks of casein when
largely diluted with water. Gypsum, digested with solution of casein-

potash, throws down an insoluble precipitate (Braconnot).

Milk is curdled by alum, stannous chloride, neutral acetate of lead,
and ferrous sulphate.

From aqueous cupric sulphate, milk throws down a pale, bluish-

green precipitate ; with excess of milk the filtrate is pale-green. The

precipitate dries up to a pale-green, brittle mass containing 3-58 p. c.

of cupric oxide. It is resolved by (sulphuric, hydrochloric, or) acetic

acid into a white precipitate containing copper, and a colourless solu-

tion, in which hydrosulphuric acid produces a brown precipitate, arid

hydrosulphate of ammonia a brown precipitate soluble in excess of

the precipitant. Caustic potash colours the acetic solution violet,

without precipitation : it first colours the precipitate violet, and then

forms with it a violet solution and white, insoluble flocks. Ammonia
colours the precipitate blue ; iodide of potassium greenish ; ferrocyanide
of potassium reddish-brown, without dissolving it. The green filtrate

obtained with cupric sulphate and excess of milk, still contains copper.
It gives with potash a yellowish precipitate, which afterwards dissolves

to a violet-coloured liquid : ammonia produces a blue solution and a

white precipitate ; hydrosulphuric acid colours it brown ; iodide of

potassium neither colours nor precipitates it
; ferrocyauide of potas-

sium throws down a reddish-brown, phosphate of soda a white pre-

cipitate (C. G. Mitscherlich, Pogg. 40, 120).

Milk is coagulated by mercurous and mercuric nitrate. Mercuric

chloride throws down a large quantity of flocks, which make the liquid

thick. According to Eisner (Pogg. 47, 609) mercuric chloride behaves

with casein in the same manner as with albumin ; the precipitate pro-
duced contains 11*18 p. c. HgO. -- Nitrate of silver throws down from
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milk large white flocks, which turn red and then brown on exposure to

light.

The platinum-compound of casein contains, on the average, 6-53 p. c.

of platinum : it sometimes contains a smaller proportion of water than

at others. When precipitated from a hot solution, it contains 8*61 p. c.

Pt., and 4-5 01. (Millon & Commaille). In another place (J. Pharm.

Chim. [4] 1, 204), Millon & Commaille give the formulae Cas,PtCl
2

(calc. 7-28 p. c. Pt.) and CasJICl + PtCl2
(calc. 7-16 p. c. Pt.). When

sulphate of casein is dissolved in a large quantity of hydrochloric acid,

chloride of platinum throws down from the solution a precipitate re-

presented by the formula Cas,S0
3
,HCl,PtCP + 4aq. (Millon & Com-

maille).

Casein with Platinum-cyanide. Platinocyanide of potassium be-

haves with solutions of casein as with egg- albumin (p. 300), but the

precipitate, which is gelatinous at first, collects together in the middle

of the vessel. The compound burns with difficulty, leaving 11-26 p. c.

of platinum, or twice as much as the corresponding albumin-compound
(Schwarzenbach, Ann. Pharm. 133, 193). Diakanow (Tubing, medic,

chem. Untersuch. 1867, 1, 231) and A. Fuchs (Ann. Pharm. 151, 372)
found the precipitate thrown down by platinocyanide of potassium
from acetate of casein to contain varying proportions of platinum :

after washing the precipitate with water till the acid reaction disap-

pears, it dries up to a dense mass, from which some solution of

platinum-salt exudes, and it then contains 4-73 to 4'82 p. c. of platinum

(Diakanow). Fuchs found 1*49 to 4'92 p. c. of platinum in the precipi-
tate dried at 100.

Strong acetic acid renders dried casein translucent, and causes it to

swell, without dissolving it (Lieberkiihn). Casein, precipitated by
acids, dissolves in warm aqueous acetate of potash and soda (Bra-
conn ot).

Milk is incompletely precipitated in small flocks by alcohol: from
the precipitate collected on a filter, water takes up a large quantity of

casein (Gmelin). Milk is coagulated at the boiling-heat on saturating
it with sugar or gum (Scheele).

Galactin. Besides casein and albumin, milk contains a gelatinous
substance which may be detected after the diffusion of the milk through
membranes. It occurs in the mother- liquor of milk-sugar, and causes
it to gelatinise on addition of alcohol. It was thus obtained by Four-

croy & Vauquelin, and described by them (where?) as precipitable by
tannic acid and chlorine, but not by acids (Morin, N. J. Pharm. 25,

423; J.pr. Chem. 62, 509). According to Corvisart (Cojnpt. rend. 35,

244), the same substance occurs in the white of hens' eggs.

Lactoprotein. Occurs, according to Millon & Commaille, to the
extent of 0'3 to 0-35 p. c. in cow's milk, and is obtained in combination
with mercuric oxide by dropping acetic acid into milk diluted with
4 times its volume of water (5 or 6 drops of 10 p. c. acetic acid to 20 p. c.

of milk) to free it from casein and fat, boiling to get rid of albumin,
and precipitating the filtrate with mercuric nitrate, not in excess. The
precipitate thus formed contains equal numbers of atoms of lactopro-
tein, C 36N 6H81 18

,
and mercuric oxide : it is white and amorphous, turns
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red on boiling
1

, and is yellow or red when dry. It is insoluble in water,
alcohol, and ether, but dissolves in excess of the precipitant and in

nitric acid. Lactoprotein is likewise precipitated by mercuric sulphate,
but not by mercuric chloride: hydrosulphuric acid decomposes this

precipitate, at the same time altering the lactoprotein (Millon & Com-
maille, N. J. Pharm. 46, 273 and 358 ; Kopp's Jahrcftber. 1864, 622).
Commaille afterwards (Chem. Centr. 1867, 588) described lactoprotein
as very similar to synaptase, acting as a ferment in milk. According
to Hoppe-Seyler (Analyt. Zeitschr. 3, 427) lactoprotein is casein or

albumin, or at any rate a mixture containing both* these bodies.

Fibrin.

HATSCHETT. Scher. J. 6, 308. FOUROROY & VAUQUELIN. N. Gehl.

2, 243. BERZELIUS. Schw. 9, 377. Scher. Ann. 8, 256 ; Lehrb.

3, Aufl. 9, 50.

FEED. MICHAELIS. Schw. 54, 94?

J. VOGEL. Ann. Pharm. 30, 29 ; Berzel. Jahresber. 20, 549.

MULDER. Pogg. 40, 255. Ann. Pharm. 47, 300.

SCHERER. Ann. Pharm. 40, 1.

DUMAS & CAHOURS. N. Ann. Chim. Phys. 6, 437.

BOUCHARDAT. Compt. rend. 14, 962; Ann. Pharm. 43, 120; Berzel.

Jahresber. 23, 593.

LIEBIG. Ann. Pharm. 57, 129 ; 73, 125.

MELZENS. N. Ann. Chim. Phys. 33, 170 ; Kopp's Jahresber. 1851, 576.

See further the literature referred to under Paraglobin, p. 271.

Bloodfibrin. Faserstaff.

Blood drawn from the animal body coagulates in a few minutes,
from separation of fibrin. Fibrin likewise separates from blood freed
from corpuscles, on standing or whipping.

For the older investigations arid views with regard to this pheno-
menon, see Handbuch. viii, 154 etseq.; Lehmann's Physiol. Chemistry,
ii, 195, et seq. Since that time Briicke, Denis, Al. Schmidt, and Eichwald,
have put forward the following views on the separation of fibrin :

1. Denis supposes blood to contain a substance, called plasmin,
convertible into fibrin. In the process of coagulation this body is

resolved, one-third into solid fibrin, and two-thirds into soluble fibrin.

2. Al. Schmidt distinguishes a fibrinoplastic and a fibrinogenous
substance, by the reciprocal action of which fibrin is produced. Both
these bodies occur in animal fluids, not always in the proportions in

which they form fibrin, some fibrinoplastic substance remaining in

solution in serum after the separation of fibrin, whilst transudations,
the fluid of hydrocele, and of the pericardium, lymph, and chyle, con-
tain exclusively or chiefly fibriuogenous substance.

3. Briicke and Eichwald contend, in opposition to Al. Schmidt, that
his fibrinoplastic and fibrinogenous substances differ neither from one
another nor from paraglobin, and that it is impossible, or at least

difficult, to obtain fibrin by mixing artificial solutions of the two sub-
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stances. Whilst, however, Briicke considers blood to contain only one
albuminous substance in solution, viz., serum albumin, and, conse-

quently, regards fibrin as identical with coagulated serum albumin,
Eichwald distinguishes from paraglobin and syntonin a third con-

stituent of blood, viz., soluble fibrin. According to Briicke (VircJt.
Arch. 12, 81 and 172) blood coagulates because it is withdrawn from
the influence of the walls of the living vessels which kept it fluid by
virtue of a peculiar action. Coagulation is probably brought about by
lime- and magnesia- salts, the bases of which go down with the fibrin

in quantity larger than that which corresponds to the phosphoric acid

precipitated at the same time. On mixing plasma with an equal volume of

water containing acetic acid, neutralising incompletely with ammonia, and warming,
a quantity of coagulable serum albumin is thrown down, equal to the fibrin formed

by agitation plus the serum albumin separable from the serum. Fibrin is said to be

formed, therefore, at the expense of a part of the serum albumin, just as, on the

other hand, albumin may be converted into fibrin (Pge&dqfibrin, p. 304). After-

wards (Chem. Centr. 1867,999) Briicke assumed the existence of a " true fibrino-

plastic substance," forming a constituent of Schmidt's fibrinoplastic substance [and
acting apparently, as a ferment, somewhat after the manner of pepsin (Kr.)].

4. According to Eichwald, the formation of solid fibrin results from
the withdrawal of alkali from soluble fibrin. The alkalinity of blood
decreases rapidly after it is drawn from the body, till coagulation takes

place. When coagulation takes place by exposure to air, the air first

gives carbonic acid to the alkali of the serum, and, secondly, oxygen
to the red corpuscles, which are then brought into a favourable condi-

tion for forming carbonic acid. For the same reasons air promotes
the separation of fibrin from slowly coagulating transudations (Eich-

wald).

The plasmin of Denis is obtained as follows: Venous blood is

drawn into ^th its volume of a saturated solution of sulphate of soda ;

the blood corpuscles are allowed to settle ; the liquid is filtered; and
the filtrate is saturated with chloride of sodium, which precipitates the

plasmin. It is to be washed with saturated solution of chloride of

sodium, but cannot be freed from adhering chloride of sodium.
Plasmin is a soft white mass, which may be dried below 40, but

undergoes alteration immediately if the chloride of sodium be removed.
It dissolves in water, probably only on account of the presence of chlo-

ride of sodium, to a limpid liquid, precipitable by acids and alkalis, and

coagulable by heat and by alcohol. On standing for five minutes, or

longer, the solution deposits solid, colourless, and transparent fibrin,

which is not attacked by non-saturated solutions of chloride of

sodium.
The portion of the plasmin remaining in solution after this forma-

tion of fibrin is Denis's soluble fibrin. The liquid in which it is dissolved

is partially precipitated by boiling, and more abundantly by alcohol.

The latter precipitate dissolves in a large quantity of 10 p. c. solution

of chloride of sodium. It dissolves when the liquid mixed with
alcohol is heated to boiling, and re-appears in part on cooling. Most
acids, and also powdered sulphate of magnesia, throw down from the

liquid precipitates soluble in water. This non-coagulable soluble
fibrin possesses, therefore, the properties of fibrin dissolved in a non-
saturated solution of chloride of sodium (Denis).

According to Denis solid fibrin is either pure or modified fibrin.
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a. Modified Fibrin. Fibrin formed from arterial blood, sponta-
neously or by whipping-, or deposited from a solution in sulphate of
soda on dilution, is insoluble in non-saturated solution of chloride of

sodium, and does not swell in it. Fibrin which has been heated to
100 behaves in the same way.

b. Pure Fibrin. Fibrin obtained from venous blood by whipping
dissolves easily, after washing, in dilute warm hydrochloric, phos-
phoric, and acetic acids, and in warm aqueous alkalis and neutral salts.

It dissolves in 3 parts of a 10 p. c. solution of chloride of sodium at 40
to 50 in two hours, and at the ordinary temperature in twenty-four
hours. The moist substance dissolves also when triturated to a pulp
with one-third of its weight of chloride of sodium mixed with two or
three parts of water, and heated to 40 or 50. These saline solu-

tions are precipitated by a large quantity of water, the precipitate

re-dissolving in solution of salt
; they coagulate at 60 to 65. On

heating them to 100, the water takes up an albuminous substance

resulting from the decomposition of the fibrin. Saline solutions of

fibrin are precipitated also (1) by acids, when not very dilute, the pre-
cipitate disappearing on addition of water or of a larger quantity of

acid ; (2), by alcohol : the fresh precipitate dissolves completely in

solution of salt, but not after standing some time in contact with
alcohol

; (3), by powdered sulphate of magnesia : the precipitate dis-

solves, after draining, in a small quantity of water, the solution

depositing fibrin again on addition of more water. See further Denis

(Compt. rend. 47, 996; 52, 1239).

Eichwald regards Denis's plasmin as a mixture containing para-
globin, together with the peculiar fibrin-forming substance, soluble

fibrin.

Eichwald's soluble fibrin is obtained by the following process, which
must be conducted quickly, without access of air, and near 0. Horse's

blood is allowed to flow from the veins into -}th of its volume of a

saturated solution of sulphate of soda. After standing for 6 to 9

hours the yellow transparent plasma is siphoned off and filtered, and
the filtrate is mixed with an equal volume of saturated solution of

chloride of sodium. The dirty-grey turbid precipitate first produced
quickly collects into large, coherent, loose, white masses, which are

washed with a one-third saturated solution of chloride of sodium till

the filtrate is no longer precipitated by ferrocyauide of potassium and
acetic acid.

The precipitate thus obtained contains alkali in combination, and,
in consequence, dissolves slowly in water, forming a solution which

speedily coagulates from formation of fibrin. When agitated in closed

vessels with water to which soda has been added to distinctlv alkaline

reaction, and left to stand for two hours, it gradually swells up and
dissolves completely to a grey and turbid liquid, which becomes
colourless and transparent when diluted.

This solution is not precipitated by boiling. When a current of

carbonic acid is passed into it, it becomes turbid from separation of

flocks, fibres, or membranes. It is so completely precipitated, in white

floating masses, by an equal volume of a saturated solution of chloride

of sodium, that the filtrate is not rendered turbid by ferrocyanide of

potassium and acetic acid. This precipitation takes place even in

V
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strongly alkaline solution, and is partially prevented only by a large
excess of soda. On cautiously adding dilute acetic acid to the solution,

it deposits flocks which in a few minutes combine to form fibrin.

Excess of acetic acid re-dissolves the flocks completely, whereupon
ferrocyanide of potassium and chloride of sodium throw down precipi-
tates (Eichwald).

On Schmidt's fibrinoplastic substance, see Paraglobin (p. 271).
His fibrinogenous substance is obtained as follows :

Some liquid containing both these fibrin-forming substances (the
diluted plasma of horse's blood, for instance) is first freed from fibrino-

plasmin by a current of carbonic acid. The fibrinogen may then be

precipitated from the filtrate in flocks, by concentrating it in a vacuum,

dropping in alcohol till turbidity is produced, and setting aside for

some hours. It must be remembered that, inasmuch as alcohol pro-
motes the formation of fibrin, the precipitate may, under certain circum-

stances consist of fibrin, and, moreover, that too much alcohol

precipitates also serum albumin. The latter applies more particularly
to the use of transudations.

The fibrinogenous, like the fibrinoplastic substance, is precipitated

by a current of carbonic acid, but much less rapidly and easily, so that

the mode of preparation described under fibrinoplasmin may likewise

be adopted for the preparation of fibrinogen from transudations. A
further consequence of this behaviour of the two substances is that the

precipitate produced by carbonic acid in diluted blood-plasma contains

also fibrinogen, and therefore coagulates in the course of a few hours

from very faintly alkaline solutions.

Fibrinogen thrown down by alcohol forms a finely granular, readily
coherent precipitate, which dissolves somewhat less easily than fibrino-

plasmin in alkaline water, but otherwise dissolves and reacts like

fibrinoplasmin. It decomposes peroxide of hydrogen in neutral or

slightly acid solution very rapidly, the action ceasing however at 72

(Gianuzzi).
The two fibrin-forming substances are, therefore, characterized

chiefly by their action upon each other. Whilst neither the fibrino-

plastic nor the fibrinogenous substance in slightly alkaline solution,

deposits fibrin on standing, the formation of fibrin takes place, with
liberation of alkali, on mixing the solutions. In performing this experi-
ment it is best to employ an artificially formed solution of one, and a
natural solution of the other of these substances, as, for instance,
blood-serum containing fibrinoplasmin, and fibrinogen dissolved in alka-

line water, or, conversely, transudations containing fibrinogen, and

artificially dissolved fibrinoplasmin. The coagulation seldom takes place
with solutions both of which are artificially prepared. Moreover, solutions

otherwise suitable do not coagulate when acid or too strongly alkaline,
or when they contain large quantities of neutral salts (Al. Schmidt).

According to Eichwald, pericardial fluids (which, according to Al.

Schmidt, contain little or no fibrinoplastic substance) invariably deposit
fibrin on standing. This deposition is accelerated by a current of car-

bonic acid, or by partially neutralising the strong alkaline liquid with

phosphoric, hydrochloric, or acetic acid. On diluting pericardial fluid

previously freed from fibrin by passing carbonic acid into it and

filtering with 10 to 20 times its volume of water, and again treating
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it with carbonic acid, paraglobin is thrown down. The filtrate still con-
tains syntonin precipitable by acetic acid. The pericardial fluid there-

fore likewise contains paraglobin in solution after the separation of

fibrin : hence it does not differ from blood-plasma in containing
less fibrinoplastic substance, but contains the same albuminous sub-

stances, and coag'ulates more slowly on account of the greater amount
of alkali present. If paraglobin added to the pericardial fluid causes a

deposition of fibrin, it is not because of the reciprocal action of fibrino-

plasmin and fibrinogen, but because the alkalinity of the fluid is thereby
altered (Eichwald).

According to Smee (Proc. Roy. Soc. 12,399, 505; 13, 350; Jahresber.

1863, 617; 1864, 614), fibrin is formed in perfectly defibrinated blood
serum by contact with oxygen at 36, or by electrolysis. It is like-

wise formed, under the same circumstances, in egg albumin acidified

with a little acetic acid, and in gastric juice mixed with albumin or glutin.
See Melsen's observations on the solidification of albumin (p. 284).

According to Bouchardat((7orap. rend. 14, 962
; Ann. Pharm. 43, 120),

fibrin is made up of the following three substances in varying propor-
tions : a. Albumiriose, which is identical with uncoagulated albumin.

b. Gelatin, c. Epidermose. The two latter substances form together a

tissue which encloses the albuminose. Leconte and Goumoeus suppose
fibrin to contain two different constituents. (Seep. 254). According
to Bechamp & Estor (Compt. rend. 68, 408; Par. Soc. Bull. 11, 505),
fibrin is a pseudomembrane formed by the microzyma of the blood and
its secretions.

Preparation. Fibrin is separated from fresh blood by whipping,
and purified by washing with water till all colouring matter is removed,
and afterwards freed from fat by treatment with alcohol and ether.

Melsens, after treating the fibrin with water for some hours, washes it

for several hours or a day with water containing carbonic acid, then

with water acidulated with acetic acid, which causes it to swell up,

and lastly with pure water. In this way the reddened or lumpy por-
tions are got rid of, and the fibres broken up.

Or, blood-clot is cut into as thin shavings as possible, which are to

be soaked in water so long as they give up colouring matter thereto

in the course of a few hours.

Fibrin is deposited from plasma, on standing, in the form of a trans-

parent jelly, which when detached from the walls of the vessel, cut

up, and washed, becomes converted into stringy fibrin.

Properties. Fibrin in the moist state forms an elastic, glossy,

white, opaque [translucent (Melsens)], fibrous mass, which becomes

hard and friable when dried. It is inodorous and tasteless.

c
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Dumas & Caliours. Verdeil.

Dried at 140. at 100. at 140.
a. I.

C 52-69 5278 50'88 52'13
H 10-59 16-78
N 7-00 6-96 7-09 7'07
O and S .... 23-72 23'48

Ash 1-95 1-54 2-1

Remarks on the analyses. Mulder's fibrin contained also 0'33 p. c. of phos-
phorus. Scherer analysed (a) venous fibrin

; (b) the same, dissolved with the help
of saltpetre and potash and precipitated by alcohol : (c) fibrin precipitated from a
solution in acetic acid by carbonate of potash ; (d) precipitated from an alkaline

solution by acetic acid. Dumas & Cahours examined fibrin (a) from ox blood,

(b) from human blood, and also that from the blood of the sheep, calf, horse, and

dog, with the same results.

Melsen's (Compt. rend. 20, 1438) found 17'7 p. c. of nitrogen on the average.
The amount of sulphur was found by Mulder to be 0'63, afterwards 12 p. c.

; by
Killing (Ann. Pharm. 58, 311),*1'23 to 1'45 p.c. : by Verdeil (Ann. Pharm. 58, 317),
1'60 p. c. Fibrin cannot be obtained free from iron, and still contains it, even
when the ash appears white (Liebig).

Decompositions and Combinations. 1. Moist fibrin absorbs oxygen
and evolves carbonic acid (Scherer). When diffused through water
either pure or alkaline it is not attacked by ozone (Gorup-Besanez, Ann.
Pharm. 110, 101). 2. When oxidised with binoxide of manganese arid

sulphuric acid, or with bichromate ofpotash and sulphuric acid, it yields
the same products as casein (p. 311), but an especially large quantity
of butyric acid and butyral are formed (Guckelberger, Ann. Pharm. 64,

39).

3. Dried fibrin swells up in water, turns soft and flexible, and
trebles its weight from absorption of water. When pressed it again
becomes hard and nearly dry (Berzelius). When heated with water to

72, or with other neutral liquids, or when kept for some time under

alcohol, fibrin becomes similar to coagulated albumin ; it shrinks and
becomes less extensible, and is then no . longer soluble in salts and
dilute acids, but still soluble in alkalis.

Fibrin boiled with water for a quarter of an hour yields only a

trace of soluble substance (Mulder), but on prolonged boiling it

undergoes a change, part being dissolved. The undissolved portion

possesses the properties of fibrin at first, but after repeated boiling- it

loses its solubility in ammonia and acetic acid (Berzelius ; Berthollet,

N. Gehl. 5, 318).
When fibrin is boiled with water for forty hours, 20'67 p. c. of it is

dissolved, and of this, 40-7 p. c. is soluble in alcohol, the remainder in

water only (Mulder). The dissolved portion tastes like broth, and

when dried is pale-yellow, hard, and brittle (Berzelius). It resembles

gelatin altered by long boiling (Mulder). When fibrin is boiled with

3 or 4 parts of water till the bulk of the liquid is reduced to one-half,
and strained, the strained liquid (more especially when fibrin of the

buffy coat of blood is employed) solidifies to a jelly, which is precipi-
tated by chlorine, mercuric chloride, and tannic acid, but not by nitric

acid, and hence possesses the properties of gelatin (Bouchardat).
Dumas & Cahours obtained no jelly. The liquid was precipitated by
mercuric chloride and tannic acid, and, when concentrated, also by
nitric acid. It was coloured blue by hydrochloric acid, and precipitated
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by alcohol only when concentrated. The dissolved substance exhausted
with alcohol contained at 140, after deducting- 11 p. c. of ash, 47-91

p. c. C., 1496 N., and 6'87 II., and therefore differs from gelatin in

composition. The undissolved portion of the fibrin contains 53*49 p. c.

C., 15-88 N. [19-5 p. c. N. (Melsens, Compt. rend. 20, 1438)], and 7-09 II.

(Dumas & Cahours).

Fibrin, boiled with water at 100 to 120 in a Papins digester, dis-

solves almost entirely in a few hours. The solution is precipitated by
hydrochloric acid, alum, mercurous nitrate, and tannic acid, but not by
neutral or basic acetate of . lead, or by alcohol. It dries up to a trans-

parent, brittle, gummy mass, which re-dissolves in water, and assumes
a fine lilac colour with excess of hydrochloric acid (Vogel). Similar

observations were made by Wohler (Ann. Pharm. 41, 238). Mulder, by
boiling fibrin for four hours, or longer, in a Papin's digester, obtained
an uudissolved portion containing 53*07 p. c. C., 6*91 H., and 14-82 to

15-63 N. The dissolved portion, purified by treatment with alcohol,
contained 50-97 p. c. C., 6-62 1L, and 15-38 N., and was partially pre-

cipitated by neutral acetate of lead, but not completely, even after

addition of ammonia. According to Mulder, the dissolved portion is

protein-trioxide, the undissolved portion protein-bioxide.
W. Schmid (Anal. Zeitschr. 8, 131) has made the following observa-

tions : a. Fibrin treated with alcohol and afterwards heated to 150
with water for five hours, evolved gas, swelled up, and yielded an acid

solution which was not precipitable by acetic acid, but precipitable by
nitric acid, neutral acetate of lead, cupric sulphate, mercuric chloride,
tannic acid, ferrocyariide of potassium and acetic acid, and alcohol.

I. On heating fresh fibrin to 150 with water for 16 hours, the solution

obtained was precipitable also by acetic acid, and contained ammonia-
salts. c. After heating for 36 hours, the solution was still precipit-
able by acetic acid, and yielded flocks with carbonic acid. All the

solutions give the reactions of proteides with Millon's mercury-solu-
tion and with potassio-cupric tartrate ; none of them contain leucine,

tyrosine, or peptone. See p. 257.

4. Fibrin in the moist state rapidly evolves oxygen from peroxide of

hydrogen, but not after boiling or after digestion with alcohol (Scherer ;

Thenard, ii, 77). The decomposition takes place only at temperatures
below 66 to 72 (Giannuzzi, Virchow's Arch. 34, 443). 5. Fibrin dis-

solves in chlorine-water on prolonged digestion, and afterwards de-

posits a white powder (Vogel). Chlorine passed into ammoniacal

fibrin throws down white flocks of proteinchlorous acid (p. 267)

(Mulder).

6. Dry fibrin swells up to a yellow jelly in oil of vitriol, without

dissolving. The jelly shrinks in water and is insoluble in warm dilute

sulphuric acid, but gives up thereto a substance precipitable by infu-

sion of galls. The same shrunken mass is formed when moist fibrin is

immersed in dilute sulphuric acid; when washed with water, it is con-

verted into a transparent jelly, which afterwards dissolves. The addi-

tion of sulphuric acid again causes the jelly to contract, and precipi-

tates the aqueous solution (Berzelius). Fibrin submitted to pro-

longed boiling with modarately dilute sulphuric acid yields the same

products as albumin or casein (Bopp). 7. Freshly ignited phosphoric

acid behaves in the same way as sulphuric acid
;
in ordinary phos-

phoric acid fibrin swells up to a jelly which dissolves in water, form-
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ing a solution which is not precipitated by excess of phosphoric acid

(Berzelius),
On digesting 6 grammes of fibrin with a mixture of 20 grammes of

water and 0-2 gramme of phosphoric acid of sp. gr. 1'845 at the tem-

perature of 40 to 45 for 12 hours, the fibrin swells slightly ; the acid

liquid is not precipitated by boiling, but gives a permanent precipitate
with nitric acid in not too small quantity, and is precipitated also by
alcohol and by tannic acid. Acid phosphate of lime behaves in a

similar manner (Guibourt).

8. Nitric acid colours fibrin yellow and forms products similar

to those formed by sulphuric acid. On digestion, xanthoproteic acid is

produced.

9. Dry fibrin swells up in fuming hydrochloric acid to a jelly, which

gradually dissolves to a fine dark-blue liquid (Berzelius). 100 parts
of dry fibrin take up at 15, 7*16 parts of hydrochloric acid gas
(Mulder). Prolonged boiling with the fuming acid generates the

same products as with albumin and casein (Bopp).
In hydrochloric acid containing y^Vo * i~oVo f the acid, fibrin

swells up to a glassy transparent mass, without dissolving. This
mass shrinks to its original bulk and becomes opaque again when
immersed in stronger acid (Liebig), or when washed free from acid

with water, or neutralised; also on the addition of salts. The fibrin

dissolves as syntonin, with the exception of a slight residue, on stand-

ing for a day at 20, or in a few hours at 40, and rapidly at 60

(Kiihne). The undissolved portion is Bouchardat's epidermose ; the solution

contains his albuminose and gelatin (Bouchardat) .

According to Gruibourt (J. Pharm. Ghim. [4] 2, 94) aqueous hydrochloric acid con-

taining jjoVoth of the acid appears to be best adapted for the solution of fibrin, 100

grammes of acid of this strength almost completely dissolving 4 grammes of most
fibrin in 12 hours, at the temperature of 40 to 45. In other experiments of the same
duration and at the same temperature, acid containing 10 j* 00ths and 1

-ths caused

little or no swelling of the fibrin
;
acid containing 1

2 *
6o ths produced decomposition

and partial solution ;
whilst in acid of 1'2 p. c. the fibrin contracted without dis-

solving. In the solutions thus formed nitric acid produced abundant white precipi-
tates ; only those liquids formed by imperfect swelling up of the fibrin became turbid

on addition of alcohol or on boiling.

The hydrochloric acid solution gives with carbonate of ammonia a

precipitate which, after treatment with alcohol, contains 52-92 p. c. C.,

6-81 H., and 15'88 N. (Mulder & Baumhauer). According to Mulder,
this precipitate is protein-binoxide. But air takes no part in the solution of fibrin

by hydrochloric acid ; moreover, the so-called protein-binoxide contains sulphur and

phosphate of lime (Liebig) .

Chloride of sodium, sulphate of soda, and nitrate of potash throw
down from the solution of fibrin in hydrochloric acid a coagulum which,
after washing with saturated solution of chloride of sodium, contains

the sulphur and phosphate of lime of the fibrin (Liebig).
Fibrin dissolves more rapidly in a mixture of water, hydrochloric

acid, phosphoric acid, and phosphate of lime, than in dilute hydrochloric
acid (Briicke, Wien. Acad. Ber. 43 [2], 619).

10. Strong
1

acetic acid converts fibrin into a colourless jelly which
dissolves easily in warm water. The solution when evaporated becomes
covered with a pellicle and afterwards gelatinises : when the evapora-
tion is continued to dryuess, the fibrin is left nearly free from acetic

acid, opaque, and insoluble in water either cold or warm. Other acids
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throw down from the acetic solution compounds of fibrin with the
acids (Berzelius).

^
Acetic, citric, and tartaric acids act less powerfully upon fibrin at

40 to 45, in twelve hours, than hydrochloric and lactic acids
; only

solutions containing- at least 1 p. c. of these acids caused any consider-
able swelling up of the fibrin, a substance precipitable by nitric acid

being then dissolved. In a solution of lactic acid containing 0-066 to
6-6 p. c., under similar circumstances, fibrin swells up to a jelly which
yields by filtration a liquid precipitable by nitric acid but not by boiling
or by alcohol (Guibourt).

11. When fibrin is digested for a few days in a mixture of
J/3 grammes of hydrochloric acid with a litre of water (whereby it is

rendered gelatinous without being dissolved) (see above), and yeast is

added, it dissolves completely in 24 hours at 15, or in 4 or 5 hours
at 30 to 40, forming a colourless liquid which gives flocculent preci-
pitates with acids and alum, is not coagulated by heat, and when
evaporated in a vacuum, leaves a pale-yellow residue soluble in warm
water (Du mas, Berzel.Jahresber. 25, 872). See below the action of pepsin.

12. Moist fibrin soon begins to putrefy in moist air, and becomes
fluid in a week (Wurtz) : under water it loses its coherence and dis-

solves, in the course of three weeks, to a nearly colourless liquid con-

taining flocks of sulphide of iron. In the decomposition, volatile, badly-
smelling products are evolved, together with a little hydrogen. The
residual liquid coagulates like albumin when heated, a small quantity
of nitrogenous substance remaining in solution (Liebig). The pro-
ducts of putrefaction are the same as in the case of albumin (p. 287}

(Bopp).
The albuminous substance thrown down by heat contains, when

dried at 130, 53-9 p. c. C., 15'58 N., 6-99 II., 1-52 S., and 0'28 ash

(Liebig). It may be isolated by means of basic acetate of lead and
carbonic acid, like egg albumin (Wurtz). On prolonged putrefaction
it becomes casein-like, so that an ammoniacal solution, when neutralised

with acetic acid and freed from albumin by boiling, gives a second pre-

cipitate on further addition of acetic acid. This casein dissolves in excess
of acetic acid ;

it is not precipitated by boiling with chloride of calcium
or sulphate of magnesia ; it is coagulated by rennet only after addition

of milk-sugar, and does not form a casein-pellicle when evaporated
(Gunning, J.pr. Chem. 67, 52

; Kopp's Jahresber. 1856, 694).
The putrefaction of moist fibrin is not attended with formation of

fat (Gay-Lussac, Ann. Chim. Phys. 4, 71, Wurtz). The products
formed include a large quantity of butyric acid (Wurtz, N. Ann. Chim.

Phys. 11, 253). No fat is produced when carbonate of ammonia or

chalk is added to putrefying fibrin : the dark-grey stinking pulpy mass
contains volatile fatty acids, and a small quantity of solid fatty acid,

probably capric (Brendecke, N. Br. Arch. 70, 26).

13. Fibrin behaves with aqueous ammonia as with potash, but the

decomposition and solution take place more slowly : on evaporating the

solution, insoluble fibrin remains behind (Berzelius).

14. When fibrin is placed in very dilute potash-ley, it is converted into

a jelly, which completely fills the liquid, and when digested at 50 to

60 in closed vessels, gradually dissolves to a turbid nearly colourless
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liquid, from formation of albuminate of potash. Fibrin digested in

strong potash-ley evolves ammonia : the fibrin precipitated from the

solution no longer gelatinises with acetic acid, and does not dissolve

therein (Berzelius). Fused hydrate of potash forms with fibrin the

same products as with albumin and casein (Bopp).
The alkaline solution may be neutralised by cautiously adding

acetic acid so long as the resulting precipitate continues to re-dis-

solve in the course of a few hours. When evaporated at a gentle heat,
it solidifies to a jelly, and then dries up to a pale-yellow transparent
mass, which again forms a jelly and dissolves in water. It blackens

silver, from formation of sulphide, and when acidulated emits a very
transient odour of hydrosulphuric acid, a small quantity of altered

fibrin being at the same time precipitated. Alcohol throws down from
the alkaline solution a part of the fibrin in combination with potash
(Berzelius). The alkaline solution prepared in the cold does not

blacken acetate of lead, or evolve hydrosulphuric acid when acidulated,
but these effects are produced when the precipitate produced in the

solution by acetic acid is boiled with potash-ley (Liebig). On digest-

ing the alkaline solution with freshly precipitated hydrate of bismuth
for 6 or 8 hours, a quantity of sulphide of bismuth is formed, the

sulphur of which amounts to O52 p. c. of the fibrin employed (Fleit-

mann, Ann. Pharm. 66, 380). See also Mulder (Scheikund. Onde.rzoek.

4, 195 ;
J. pr. Chem. 44, 489). The precipitate thrown down by acetic

acid from the alkaline solution contains the same proportions of carbon,

hydrogen, and nitrogen as fibriu (Dumas & Cahours). When the
alkaline solution has been left exposed to the air, the precipitate thrown
down by acetic acid contains a larger proportion of oxygen (Mulder's
oxyprotem, p. 263).

When the alkaline solution of fibrin is mixed with excess of acetic

acid, and chloride of ammonium, chloride of sodium, phosphate, sul-

phate, or acetate of soda, or chloride of calcium is added, a precipitate
is produced which dissolves on heating the liquid and reappears as it

COOls (Panum). See Acid albumin (p. 26).

15. When fibrin is heated with potash- lime to 160 or 180, ammonia
and other products are evolved : the residue contains a volatile acid,

probably butyric (Wurtz, JV". Ann. Chim. Phys. 11, 253). Baryta and
lime form soluble compounds with fibrin (Mulder).

16. In aqueous solutions containing 6 to 10 p. c. of neutral salts,

especially nitrate of potash, chloride of sodium, and sulphate of soda,
fibrin swells up to a slimy mass, which becomes homogeneous and sus-

ceptible of filtration only after prolonged digestion.

Denis, who first observed this property, gave the following direc-

tions (A nn. Pharm. 40, 11): Moist fibrin (150 parts) obtained from
venous blood-clot and thoroughly washed, is triturated with 50 parts
of nitrate of potash, with gradual addition of 300 parts of water, and

lastly of 3 parts of hydrate of potash, and the mixture is left to itself

at 35 to 38. Powdered fibrin from venous blood dissolves without
addition of free alkali

;
fibrin from arterial or mixed blood or from the

buffy coat of inflamed blood dissolves only partially or not at all when
treated by Denis's method ( Scherer). Fibrin from venous ox-blood loses

its solubility very rapidly ; that of arterial blood is quite insoluble. The
fibrin of human blood dissolves most freely ; that of pig's blood with

'especial rapidity (Lehmaun, Physiol. Chemie, 1, 334).
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For the solution of fibrin 24 to 36 hours are necessary at 10, and
1 to 2 hours at 40 (Kiihne). According to Scherer, the solutions are

precipitated by water ; but according- to Lehmann, this is the case only
after short digestion with the saline solution, not after prolonged diges-
tion. The solutions coagulate when heated to 60 (Ktihne), to about
73 (Lehrnann) : the coagulum is no longer soluble in salts. They are

precipitated by alcohol and by acetic acid, but not by agitation with
ether. According to Scherer, the solution of venous fibrin becomes
turbid from the surface downwards on standing in the air, but accord-

ing to Lehmann, only when putrefaction sets in.

Two grains of fibrin dissolve in 24 hours in 1-5 ounces of water
saturated with one of the following salts : iodide of potassium, nitrate

of potash, acetate of potash r carbonate of soda, carbonate of ammonia,
chloride of ammonium, chloride of barium

;
in 48 hours in aqueous

borax or phosphate of soda ;
in 72 hours in sulphate of potash. The

solutions are clear and viscid like white of egg ; they coagulate for the
most part on boiling-, and are partially precipitated by dilution

(Zimmermann, Pharm. Centr. 1843, 614
; Berzel. Jahresber. 24, 656).

According to Eichwald, saline solutions take up from fibrin only the

enclosed blood-constituents which are coagulable by heat, without dis-

solving the fibrin itself.

17. An alkaline solution of fibrin neutralised with acetic acid gives
with basic acetate of lead a precipitate of white flocks which, when dried

at 120, contained on one occasion 3O63 p. c., and another time 12-75

p. c. of oxide of lead. The solution gives with ferric sulphate yellowish-
red flocks ;

with cupric sulphate green flocks containing 7*2 1 p. c. of

oxide of copper; with mercurous nitrate a white precipitate, quickly

turning grey; and with mercuric chloride a white precipitate

(Mulder).

18. Fibrin takes up nothing from aqueous cupric sulphate. A solu-

tion of fibrin in potash-ley throws down from cupric sulphate a preci-

pitate of cupric hydrate, which afterwards dissolves with dark-violet

colour (Mitscherlich, Pogg. 40, 131). See also p. 262.

19. Fibrin contracts in aqueous solution of mercuric chloride, becom-

ing dead-white and friable. When removed from the liquid after 15
minutes' immersion, it is not blackened by alkalis, arid the solution does
not contain free acid, showing that no calomel has been formed. The
fibrin gives up mercuric chloride to solution of chloride of sodium

(Lassaigne, Ann. Chim. Phys. 64, 107).

20. Nitrate of silver throws down from acetate of fibrin, in presence
of free acid only, precipitates containing from 3-43 to 13-12 p. c. of silver-

oxide (Mulder).

21. Fibrin dissolved in hydrochloric acid produces with ferrocyanide

of potassium a precipitate which leaves on ignition 2 *8 p. c. of ferric

oxide (Berzelius).

22. A faintly alkaline solution of fibrin is not rendered turbid by
platinocyanide of potassium; but on acidifying with acetic acid, a preci-

pitate is thrown down, which behaves like that produced in solutions of

albumin, except that it turns brown at 100 (Schwarzenbach, Ann.
Pharm. 133, 185). The precipitate contains 5'56 p. c. of platinum

(Schwarzenbach, Ann. Pharm. 144, 69).
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23. Fibrin is insoluble in alcohol. After remaining under alcohol for

a year, it is brittle and contains 19-2 p. c. of nitrogen (Mulder).

24. Tannic acid combines with moist fibrin immersed in it, forming
a hard mass which is not susceptible of putrefaction ; it precipitates
fibrin from its alkaline and acid solutions (Berzelius).

Crystallin or Globulin.

BERZELIUS. Lehrbuch, 3 Aufl. 9, 526. MULDER. J. pr. Chem. 19,

190 ; Ann. Pharm. 33, 261. RULING. Ann. Pharm. 58, 313.

LTEBERKUHN. Pogg. 86, 306.

VINTSCHGAU. Wien. Acacl. Ber. 24, 493.

ALEX. SCHMIDT. Mullens Arch. 1862, 440.

The albuminous substance of the crystalline lens.

On triturating the crystalline lens till its structure is broken up,

diluting with water, filtering, again triturating the residual membranes
with water, and evaporating the solutions, there remains a yellow

extract, which may be freed from alkaline lactate, chloride of sodium,
and organic admixtures by means of alcohol. The crystallin of Berze-

lius then remains as a pale-yellow mass, which dissolves in water, and

is precipitated by lime-water, oxalate of potash, or infusion of galls.

The aqueous solution coagulates when heated, from separation of a

granular mass (Berzelius).
Mulder washes and triturates the crystalline lens ; exhausts it with

water ; heats the solution to boiling ; dries the mass thereby thrown

down ; treats it with boiling water and alcohol ;
and dries at 130.

Crystallin thus obtained is white and friable ;
it blackens metals after

treatment with potash, and contains, after deduction of 0-59 p. c.

ash, 54-61 p. c. C., 6'94 H., 16 51 N., and 0-25 S. It swells up in oil of

vitriol to a transparent jelly, from which water throws down a powder
containing sulphuric acid.

Ruling, who prepared crystallin by heating a mixture of the aqueous
extract and alcohol, and treating the curdled mass with boiling alcohol

and ether, found in the product dried at 100, 53-25 p. c. C., 7-20 H.,

and 1-10 S. ;
and in that dried at 140, 54-23 p. c. C., 7'07 H., and 1-23 S.

Scherer (Ann. Pharm. 40, 24) who dissolved crystalliu in potash-

ley, and precipitated with acetic acid, found 54*61 p. c. C., 16'22 N.,

and 6-94 H.
Lehmann (Lehrbuch der physiol. Chemie. 1, 360) prepares soluble

crystallin by evaporating the fluid of the crystalline lens below 50,
after first neutralising with acetic acid, and treating the residue with

ether and weak spirit, lie obtains coagulated crystallin by precipi-

tating with hydrochloric acid, washing with the same acid, dissolving in

water, precipitating with carbonate of ammonia, and washing with

water, alcohol, and ether. It contains, on the average, 1-227 p. c. of

sulphur.
Lehmann's soluble crystallin forms a yellow translucent mass, tri-

turable to a white powder; it swells up in water and gradually dis-

solves to a slimy liquid. This solution becomes opalescent at 73,
milky at 83, and at 93 deposits a coagulum which collects into flocks
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separable by filtration only after addition of neutral salts of the alkalis

and boiling. The aqueous solution is not precipitated by acetic acid,
nor by ammonia, but is at once rendered turbid when the acetic solu-
tion is neutralised by ammonia, or the ammoniacal solution by acetic
acid. On heating to 50 the solution mixed with a little acetic acid,
and thereby rendered opalescent, it deposits a milky coagulum ;

a solu-

tion rendered clearer by the addition of more acetic acid coagulates at

98, while a solution containing a large quantity of the acid does not

coagulate even on boiling. An aqueous solution of crystallin into

which carbonic acid is passed, deposits the crystallin as a non-crystal-
line precipitate, which re-dissolves when the liquid is exposed to the

air, or when oxygen is passed through it. Crystallin behaves in the
same manner as egg albumin towards mineral acids and metallic salts.

When precipitated from its aqueous solution by alcohol, it is insoluble
in water, but boiling alcohol dissolves a portion [owing to the presence
of alkali in the crystallin (Scherer)], which is deposited again on cool-

ing. Aqueous crystallin is not coagulated by ether (Lehmann).
The precipitate thrown down by alcohol of sp. gr. 0*82, from concen-

trated and filtered solutions of crystallin, exhibits the reactions of

serum albumin similarly precipitated. After drying it is only partially
soluble in cold water, the residue giving up a further portion to water
on prolonged boiling. The fresh or dried precipitate dissolves in warm
alcohol of sp. gr. 0*92, but not in alcohol of sp. gr. 0'82. The tem-

perature at which crystallin coagulates depends upon the strength of

the solution and the amount of alkali it contains. Strong solutions

begin to show turbidity at 70 to 72, and congeal to a stiff mass at

75 to 80. Moderately dilute solutions become milky only on warming,
without forming a coagulum, and then run turbid through a filter.

Crystallin neutralised with acetic acid becomes turbid at 59
?
and

coagulates at 66 ; with more acetic acid a precipitate is produced
at 53. Hence the differences between crystallin and serum albumin

disappear when the two bodies are compared under similar circum-
stances (Vintschgau).
A solution of the globulin of the crystalline lens acidified with acetic

acid solidifies to a stiff white paste on dropping into it platinocyanide

of potassium. The precipitate, after washing, dries up to a transparent,

glassy, brittle, and very hygroscopic mass, containing, when dried at

110, 5-53 p. c. of platinum (Schwarzenbach, Ann. Pharm. 144, 66).

According to Lieberkiihn, the crystalline lens contains albuminate of

potash. On precipitating the filtered aqueous solution of the crystal-
line lens with ether-alcohol, exhausting the precipitate with boiling

alcohol, and precipitating the filtrate with ether, a precipitate is ob-

tained, which behaves like albuminate of potash, and yields 1*44 p. c.

of alkaline ash almost entirely soluble in water (Lieberkiihn).

According to Alex. Schmidt, crystallin contains two albuminous

substances, one of which is precipitated, by carbonic acid, whilst that

remaining in solution is coagulated by heat. Simon (Handb. der angew.
medic. Chemie. 1840, 1, 78, and 83) previously distinguished two albu-

minous substances in the crystalline lens.

The substance precipitated by carbonic acid behaves precisely like

paraglobin, and, as is the case with that body, its slightly alkaline

solution is precipitated by heat only when neutral salts are present, as

in the fluid of the lens. According to Kuhne (Lehrb. 404), it is dis-

tinguished from paraglobin by the fact that it does not produce fibrin
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with fibrinogen, and is therefore to be regarded as a peculiar sub-

stance.

According to Valenciennes and Fremy, the crystalline lens of mam-
mals contains (1) metalbumin, which occurs in the outer layers of the

lens ; (2) albumin, which occurs in the central ^ers, and behaves like

egg albumin, but does not assume a blue colour with fuming hydro-
chloric acid in the air; (3) a fibrin-like substance, soluble in dilute

acetic, but not in other acids. The crystalline lens of cetaceans con-

tains metalbumin ; that of fishes contains phaconin insoluble in water
in the internal, and albumin in the external part.

a. Metalbumin. The external layers of the lens, which contain the

metalbumin, dissolve for the most part in water, forming a solution

which coagulates on boiling only after addition of salts or acids, and
sometimes only after first evaporating it to a syrup at low tempera-
tures. Metalbumin dissolves in strong hydrochloric acid without

assuming a blue colour on exposure to the air. After deducting nearly
1 p. c. of ash, it contains 52-8 p. c. C., 7'3 H., 16'0 N., and 23'9 0., and

has, therefore, the composition of albumin.

b. Phaconin, which forms the solid central portion of the crystalline
lens of fishes and molluscs, swells up, without dissolving, in water, and
becomes opaque in boiling water. It is insoluble in acids, with the

exception of acetic acid, in which it dissolves slowly, and it dissolves

with difficulty in alkalis. Insoluble in alcohol and ether. Contains

52-11 p.c. C.,7-69 H., 16-53 N., and 23-67 0. (Valenciennes & Fremy).J

Globulin of Blood-corpuscles.

The colourless and most abundant constituent of blood-corpuscules
was distinguished from albumin by Berzelius as globulin ;

the red

colouring matter of blood was regarded by him as a compound of

globulin and hsematin ; moreover, he found in the crystalline lens a

body agreeing with globulin. Alex. Schmidt, having found the fibrino-

plastic substance in the blood-corpuscles and in the crystalline lens,

and supposing it to be formed, together with hsematin, by the splitting

up of haemoglobin, extended the term globulin to the fibrinoplastic sub-

stance, the paraglobin of this work.

According to Kiihne, this supposition of Schmidt is erroneous :

hgemoglobin yields by decomposition, not fibrinoplasmin, but another

albuminous substance, the properties of which will be described under

haemoglobin. It appears, therefore, to be inadmissible to apply the

term otherwise than as it was employed in the older statements.

1. When blood-corpuscles, isolated by means of solution of sulphate
of soda, are treated with alcohol containing sulphuric acid, there remains

a colourless residue, which forms the globulin-sulphuric acid of Ber-

zelius. it dissolves in pure, but not in saline water containing
albumin in solution, and coagulates to a granular mass when the solu-

tion is heated, though only at a temperature a few degrees higher than

is necessary to coagulate albumin. It combines with acids and bases.

Globulin-sulphuric acid, after boiling, is greyish-white, hard, and friable.

It swells up in water, becomes translucent, and dissolves only slightly
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even on addition of hydrochloric acid. Hydrochlorate of globulin dis-

solves in water, with the exception of a slight residue, forming a solu-
tion which leaves, when evaporated, a translucent residue containing
4-9 p. c. of hydrochloric acid, and soluble in water (Berzelius, Lehrb.
3 Aufl. 9, (5!)).

2. Mulder (J.pr. Chem. 17, 329) found in globulin-sulphuric acid pre-
pared by Berzelius's method, and dried at 130, 53-38 p. c. C., 15-70 N.,
7-17 IT., and 2-50 SO3

,
but appears to regard the body as a mixture of

fibrin and albumin.

3. On boiling globulin with moderately dilute sulphuric acid, tyro-
sine and leucine are formed (Leyer & Keller, Ann. Pharm. 83, 332).
This globulin was prepared by Leyer & Roller, by separating the clot
of coagulated blood from the serum, washing it repeatedly, pressing it

in cloths under water, coagulating the filtered liquid by boiling with
acetic acid, and boiling the coagulum with alcohol containing sulphuric
acid, which left the globulin.

4. According to Lecanu, the globulin of blood-corpuscles is distin-

guished from serum albumin and egg albumin by its solubility in

boiling 20 p. c. alcohol, and by its property of forming with cold water,
a solution which is not precipitated by basic acetate of lead. Besides
this body, blood-corpuscles contain albumin and a fibrin-like substance,
which forms pearly bubbles, and distinctly resists the action of alkalis

(Lecanu, Compt. rend. 35, 11 ; Lieb. Kopp's Jahresber. 1852, 700).

5. According to Commaille, globulin is contained in a semi-solid
condition in blood corpuscles, and forms a platinum-compound which,
when obtained from human blood, contains 10-20 to 11-02 p. c., and
from ox-blood 10-45 to 10'63 p. c. of platinum (Chem. Centr. 1867,

589).

6. The statements of Denis (Compt. rend. 47, 996 ; Kopp's Jahresber.

1858, 562 ; Memoir-e sur le sang, Paris, 1859) may also be quoted in

this place.
The globulin of Denis is an albuminous substance occurring in

the corpuscles of the blood and in other parts of the animal organism ;

it is insoluble in water, and become viscous in non-saturated solutions
of chloride of sodium. It is obtained from birds' blood, by mixing the
defibrinated blood with from half its volume to an equal volume of a
10 p. c. solution of chloride of sodium, and carefully washing with
water the viscous mass which separates on standing for some time.

Or from human blood by pressing the clot of venous blood, and heating
the thick expressed liquid to 40 or 50 for two hours, with half its

volume of a 10 p. c. solution of chloride of sodium. When the very
thick liquid thus formed is cautiously diffused through a large quantity
of water, without agitating too briskly, the decolorised globulin is left

behind.

As thus prepared, globulin forms a soft, white, semi-translucent

mass, consisting of microscopic, amorphous, granular lumps. That
obtained from birds' blood may be dried below 40 without alteration ;

that from human blood is rendered insoluble in a 10 p. c. solution of

chloride of sodium by drying. Whilst all globulin becomes insoluble

in solution of chloride of sodium when kept exposed to the air in the
moist state, the fresh substance swells up in a 10 p. c. solution of the
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salt, and is converted into a thick ropy mass, which is precipitated by
water. Heat or contact with alcohol coagulates it, in which state it is

not acted on by chloride of sodium, but the coagulum dissolves in boil-

ing weak spirit, re-appearing as the solution cools. The globulin of

birds' blood coagulated by alcohol gives up a little fibrin to solution of

chloride of sodium (Denis).

Amyloid.

C. SCHMIDT. Ann. Pharm. 110, 250 ; Kopp's Jahresber. 1859, 615.

A. KEKULE. Verhandlungen des naturhist.-medic. Vereins zu Heidelberg,
5, 144

; Schmidt's Jahrb. der ges. Medic. 103, 7 ; Kopp's Jahresber.

1859, 616. KEKULE & FRIEDREICH. Virch. Arch. 16, 50.

KiiHNE & RUDNEFF. Virch. Arch. 33, 66 ; Analyt. Zeitschr. 4, 132.

Amylo'idal substance. Discovered by Virchow (Com.pt. rend. 37,
492 and 860) and recognised as a proteide by C. Schmidt. See also

Handbucti, riii, 75.

Sources. In pathologically degenerated liver and spleen ;
also in

diseased kidneys, brain granulations, and concretions of the prostate

gland. Such tissues assume a reddish-brown or more rarely a dirty
brown-violet colour, when treated with biniodide of potassium or tincture

of iodine. When treated with oil of vitriol and iodine in succession,

they acquire a green colour, changing to a dirty violet, or sometimes
to blue.

Preparation. The waxy degenerated organ is cut into fine shavings,
which are exhausted successively with cold water and weak spirit, to

remove anj^ bile-constituents that may be present, and would pre-
vent the action of artificial gastric juice, this process being completed,
in case the shavings are still of a dark colour, by boiling them in

alcohol containing hydrochloric acid. The shavings are then freed

from all solid albuminous matters, by subjecting them to the action of

artificial gastric juice at 40, so long as they continue to yield peptones.
The residual substance, if still coloured, is again boiled with acidulated

alcohol and with ether ;
and lastly, the elastic tissue, derived from blood-

vessels, is removed by treating the powdered substance with water,

alcohol, and ether (Kuhne & Rudneff).

Artificial gastric juice is obtained from the stomach of freshly-killed
animals by emptying the stomach, washing it with cold water, scraping
off the mucous layer, consisting of rennet-cells, with a blunt instrument,
and triturating with sand and water. The filtered liquid, mixed
with 0-1 p. c. hydrochloric acid, acts as a powerful digestive (Kuhne,
Physiol. Chemie, 33).

Amylo'id forms amorphous, glassy flakes (Kekule) ;
a white mass

(Kiihne). Amyloid, not purified by artificial gastic juice, contains

53-58 p. c. C., 15-04 N., 7-0 H. (Kekule).

Amyloid burns when heated on platinum foil, emitting an odour of
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horn, like albumin. It is insoluble in cold and in boiling water

(Kekule). Dissolves on prolonged boiling with water, like coagulated
albumin. Insoluble in cold or boiling dilute acids, and does not swell

up therein. Dissolves in fuming nitric acid, forming a solution which
is rendered turbid by water. Soluble in fuming hydrochloric acid, the
solution turning violet in the air ; on addition of water, the solution

throws down hydrochlorate of syntonin, whilst a body prccipitable by
neutralisation remains in solution (Kiihue & Rudiieff). Dissolves easily
in oil of vitriol ;

on dropping the solution into water and boiling, no

sugar is formed (C. Schmidt), but the solution assumes a violet colour

with cuprate of potash, without reducing it (Kekule). Behaves towards
iodine and oil of vitriol in the same way as the tissues containing it,

but the colours produced are purer (Kiihne & Rudneff).

Amyloid dissolves in moderately dilute ammonia. The solution

becomes neutral when evaporated, and does not coagulate even when
boiled ;

when further evaporated it yields tough gelatinous pellicles
and flocks, which are coloured by iodine dark reddish-yellow, or, after

addition of oil of vitriol, greenish-blue. Sulphuric acid throws down
from the ammoniacal solution loose flocks of but slightly altered amy-
loid, containing, after drying at 120, 15'53 p. c. of nitrogen, and 1*3 p. c.

of sulphur (Kiihne & Rudneff).
The ammoniacal solution is precipitable by dilute acids, excess of

which does not dissolve the precipitate ; by alum, basic acetate of lead,

sesquichloride of iron, corrosive sublimate, and tannic acid ; also by cupric

sulphate, the precipitate being partially soluble in dilute acids, but in-

soluble in ammonia (Kiihne & Rudneff).

Amyloid swells up in dilute aqueous alkalis, and dissolves to a slight
extent to a turbid viscid liquid ;

it dissolves completely in strong alkalis

(Kiihne & Rudneff) ;
and gradually in boiling dilute potash-ley, with

formation of albuminate of potash (Kekule). lu this case a second

body insoluble in acetic acid is produced (Kiihne & Rudneff).

Amyloid is insoluble in baryta- or lime-water, and scarcely swells in

these liquids. When boiled with alkaline solution of lead oxide, it yields
no sulphide of lead. It does not putrefy, and is not acted upon by acidu-

lated pepsin. It is insoluble in alcohol and in ether (Kiihue & Rudneff).

Protic Acid.

LIMPRICHT. Ann. Pharm. 127, 185
; Kopp's Jahresber. 1863, 648.

Obtained from the flesh of the roach (Leuciscus rutilus). The flesh is

exhausted with cold water
;
the extract is freed from albumin by boil-

ing, and the filtrate is precipitated with baryta-water and concentrated

over the water-bath. After standing for 24 hours, the- crystals of

creatirie which have been deposited are removed, and the mother-liquor
is precipitated with an acid, whereupon it solidifies, from separation of

white flocks of protic acid.

White amorphous bulky precipitate, which on drying at 100 or in a

vacuum, becomes amber-yellow, translucent, and brittle. When heated

on platinum foil it puffs up and burns without leaving ash. it contains

53-5 to 54-8 p. c. C., 15 8 to 16 1 N:, and 7'1 to 7'2 H.

Protic acid is nearly insoluble in cold, and but slightly and slowly
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soluble in boiling water. The solution turns gelatinous when evaporated,
and leaves a gelatin-like mass. Dissolves easily in warm dilute acetic,

hydrochloric, and sulphuric acids: when boiled with dilute sulphuric

acid, it yields leuciue but no tyrosine. Dissolves very easily in

aqueous ammonia, in alkalis, and alkaline earths. These solutions leave

on evaporation, amorphous residues soluble in water, the baryta-solu-
tion leaving a salt containing 50' 6 p. c. C., 6-9 H., and 6%5 Ba. They
give precipitates with metallic salts. The solution of protic acid in

acetic acid is not precipitated by ferrocyanide ofpotassium.

Peptones.

In natural or artificial digestion, which pre-supposes the presence of

pepsin and free acid, albuminous substances are converted, first into

syntonin and ultimately into peptones. According- to Eichwald, these

peptones also occur in small quantity in the blood and in larger quantity
in old colloid sacs. They are formed when liquid egg-albumin is kept
in contact with mucus for some weeks at the temperature of the body,
and out of contact of air (Eichwald). According- to Mulder, legtimin
is converted into peptone by the action of hydrochloric acid alone,
but this statement is not confirmed by Briicke's experiments. According
to Meissner, legumin boiled with water for a day, yields peptone, but
this is denied by W. Schmid. See p. 257.

In dilute hydrochloric acid alone, fibrin merely swells up, dissolving

only after several days at the temperature of 20, whereas in hydro-
chloric acid containing 0-4 p. c. in presence of pepsin, it is rapidly
resolved into flocks which dissolve to a turbid liquid. This solution

deposits syntonin (Meissner's parapeptone) when neutralised. It is

not rendered turbid by boiling when it has been prepared with boiled

fibrin, but when made with unboiled fibrin, it contains a body which is

coagulated by boiling, probably an albuminous substance enclosed in

the fibrin. When digestion has proceeded further, the solution is no

longer precipitated by neutralisation, the syntonin being then converted
into peptone (Briiche).

Meissner distinguishes as parapeptone the precipitable substance
formed during digestion, and denies that it possesses the property of

passing into peptone. According to him, albuminous substances are

resolved into parapeptone, which does not undergo further change, and

peptones, which are distinguished as a-, b-, c-peptone and metapeptone.

Preparation. Coagulated white of egg is treated at 40 with
artificial digestive fluid (p. 334), containing O15 p. c. of hydrochloric

acid, until it is completely dissolved, and the solution is not affected by
neutralisation with ammonia or by ferrocyanide of potassium or strong
mineral acids, which result is attained by repeated warming and fresh

additions of acid, in the course of two days, provided the quantity of

white of egg taken is not too great. The solution is then filtered and
mixed with neutral acetate of lead, and ammonia is dropped into it until

the peptone is deposited in flocks, and the supernatant neutral or feebly
acid liquid is no longer precipitated by neutral acetate of lead. The pre-

cipitate is washed, suspended in slightly ammoiiiacal water, and decom-

posed by hydrosulphuric acid ; and the filtrate from the sulphide of lead

is concentrated and then precipitated by absolute alcohol (Eichwald).
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Peptones occurring- in animal fluids free from alkaline albuminates

may be isolated by dialysis, or by drying and exhaustion with hot
water, or by precipitation with alcohol and exhausting the coagulum
with water (Eichwald).

According to Eichwald, the peptones obtained from different albu-
minous substances are probably identical : he distinguishes, however,
the peptone obtained from rnucin from albumin-peptone. Mulder
distinguishes the peptone of gelatigenous tissues from other peptones;
it is not precipitable by mercuric chloride, and is not coloured by
Millon's mercury-solution, or by boiling with nitric acid and super-
saturation with ammonia. Corvisart finds that all peptones exert a

dextrorotary action on polarised light, but in various degrees. The
relative rotatory powers of fibrin-, syntonin-, gelatin-, and albumin-

peptone are as 80 : 100 : 104 : 140.

Properties. Albumin-peptone forms white delicate flocks, or after

drying, a yellow, brittle, very hygroscopic mass, containing a very
small quantity of ash (Eichwald). According to Lehmann, it contains
1*6 p. c. of sulphur, but Eichwald did not obtain any sulphide by
boiling it with strong potash-ley. The aqueous solution diffuses very
easily through parchment-paper.

Dissolves very easily in water, forming a solution which is not
affected by boiling, OY by acids, alkalis, or concentrated solutions of salts,

or by ferrocyanide of potassium and acetic acid. The solution acquires
a yellow colour when mixed with strong nitric acid or with ammonia, and

produces with Millon's mercury-solution, brown flocks which turn red
on warming

1

.

Neutral (not acid) solutions of peptone are precipitated, immediately
when strong, and after standing some time when more dilute : white

by neutral acetate of lead, yellowish-brown by ferric chloride, white by
mercuric chloride, yellow by bichloride of platinum, and white, gradually

turning dark-brown, by silver salts. Neutral or faintly acid, but not

alkaline solutions give brown flocculent precipitates with tannic acid.

A Icohol precipitates peptone from neutral, but not from acid or alkaline

solutions (Eichwald, Wurzb. Medic. Zeitschr. 5, 322).

Tf According to E. Briicke ( Wien. Akad. Ber. 61, 250 ; Chem. Soc. J.

[2] 9, 410), albumin-peptone is also precipitated by metatungstic acid,

phosphornolybdic acid, and potassio-mercuric iodide. He particularises

two peptones 1. One soluble in alcohol and water, which he names

alkoplnjr ; 2. Another easily soluble in water but insoluble in alcohol,

which he calls hydropfiyr. They are both very similar to albumin, and

have the same 'reactions, with the exception of the precipitation by

potassium ferrocyanide, and the red coloration with sulphuric acid and

sugar ;
on the other hand, they give a purple colour with cupric oxide

and potash. 3. There is sometimes a third substance associated with the

peptones, which gives the above-mentioned red coloration. This sub-

stance was obtained by artificial digestion of blood-fibrin, neutralisation,

evaporation, and extraction with alcohol, which dissolves this com-

pound and leaves the hydrophyr undissolved. Neither Mulder nor

Lehmann found anything insoluble in alcohol. Briicke believes that in

their experiments the digestion was carried much further, as he finds

that there is always a portion insoluble in 96 p.c. alcohol, which at

VOL. XVIII. z
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the commencement of the digestion is kydrophyr, but later, another

compound which does not yield a purple colour with copper oxide and

potash. In some albumin which had been submitted to artificial diges-
tion for three mouths, there was no residue of hydrophyr insoluble in

alcohol, but the solution contained alkophyr. Precipitated hydrophyr
can be partially dissolved by treating it with acetic acid and alcohol.

Neither alkophyr nor hydrophyr was contained in albumin or in the

gastric juice employed. The reaction with copper oxide and potash is

a very delicate test for albuminous substances and peptone. A very
small quantity of the cupric ammonia or potash solution, together with
a little cupric sulphate, is added to the albuminous or peptone substance,

whereupon the excess of copper oxide above that required for the

production of the purple-red compound falls to the bottom. The purple
coloration is occasioned by the absorption of the green portion of the

spectrum.

When casein (obtained by precipitating milk with acetic or hydro-
chloric acid, and freed as much as possible from fat by means of ether)
is digested, for periods varying from 5 hours to 11 days, at 40

45, with artificial gastric juice (prepared by treating the mucous mem-
brane of a pig's stomach with water containing 3 p. c. hydrochloric
acid) a large portion dissolves, but a certain portion always remains
un dissolved however long the digestion may be continued. When
serum-albumin and casein were digested for equal times, the quantity
of albumin dissolved was one-third less than that of the casein.

The digested solution contains pepsin, peptones, leucine and tyrosine.
The alcoholic extract of the products of digestion treated with baryta-
water, yields a brown, transparent, deliquescent mass, which appears
to be a compound of peptone with baryta. When purified with alcohol
and ether, it forms a white non-deliquescent powder containing
chlorine. The proportion between the chlorine and the barium in this

body is by no means constant. Its specific rotatory power is 63 '2
;

and if the chlorine and barium be regarded as inactive, the rotation
calculated for the organic substance alone is 84. By precipitating the

barium-compound with sulphate of zinc or copper, compounds of

peptone with zinc oxide and cupric oxide are obtained.
The undigested residue of the casein the dyspeptone of

Meissner consists of two substances, one of which, A, is solu-

ble, the other, B, insoluble in carbonate of soda. When A is

precipitated from this solution by hydrochloric acid, it dissolves in

great part if digested anew with gastric juice ;
but a certain amount

always remains undissolved. This substance, when purified by alcohol
and ether, forms a yellowish-white dusty powder containing 48-5 p. c. C.,
13-3 N., 7-1 H., 4-6 P., and 26'5 0., corresponding nearly with the
formula CMN 6H4TP022

(calc. 48*9 C., 12-7 N., 7-1 H., 4'7 P., 26-6 0.).
When moistened with water, it has an acid reaction, and appears
partly to expel carbonic acid from carbonate of soda. On dry distilla-

tion it emits an irritating smell, not at all like that of albuminous
substances. The bod}' B resembles albumin in its reactions, and con-
tains sulphur and phosphorus, but its exact composition has not yet
been determined. It is possibly an isomeric modification of casein ;

but A, from its reactions and comparatively simple composition, does
not appear to belong to the proteide group, but rather to be a product
of the decomposition of casein, which must accordingly be regarded,
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like vitellin and haemoglobin, as a compound of an albuminous or

proteide substance \vith a compound of a different class (Lubavin.

Hoppe-Seyler, Med. Chem. Unters. 1871, 463). f

On peptones, see further Ifandbuch, viii, 34 ; Lehmann's Physiological
Chemistry, ii, 53, 56. The following memoirs, selected from the volu-
minous literature of the subject, may also be referred to :

LEHMANN. Lehrb. tier PhysioL Chemie, 2 Aufl. 1, 318.
MULDER. Bonder's Arch, fur holldnd. Beitrdge 2, 1

; Schmidt's Jahrb.

fur. ges. Medecin, 101, 151.

MIALIIE & PRESSAT. Compt. rend. 33, 450. MIALHE. N. J. Pharm.

10, 161.

CORYISART. Schmidt's Jahrb. 102, 244 ; 108, 287. Ann. Pharm. 125,
126

; Schmidt's Jahrb. 118, 278.

MEISSNER. Henle & Pfeu/er's Zeitschr. f. ration. Medic. 3 Eeihe, 7, 1 ;

Schmidt's Jahrb. 104, *147. Henle # Pf. 8, 280 ; Schmidt's Jahrb.

105, 148. MEISSNER & THIRY. Henle $ Pf. 10, 1; Schmidt's

Jahrb. 108, 283. MEISSNER & BiiTTNER. Henle & Pf. 12, 46;
Schmidt's Jahrb. 114, 157. MEISSNER & J. DE BARRY. Henle 8f Pf.

14, 303. MEISSNER & KIRCHNER. Henle 8f Pf. 14, 311.-
MEISSNER & THIRY. Henle fy Pf. 14, 78 ; also Schmidt's Jahrb. 118,
279 and 281.

BRINTON. Schmidt's Jahrb. 104, 151.

BRUCKE. Wien. Acad. Ber. 37 ; 131 ; Schmidt's Jahrb. 105, 144.

MARCET. Ann. Pharm. 120, 250
;
Schmidt's Jahrb. 114, 162.

v. \\
T
ITTICH. Schmidt's Jahrb. 118, 283. v. WITTICH & COHN.

Schmidt's Jahrb. 118, 278.

J. DE BARRY. Tubing Medic. Unters. 1, 76.

DIAKONOW. Tubing Medic. Unters. 1, 241.

Pepsin.

BRUCKE. Wien. Acad. Ber. 43, 2, Abth. 601
; Chem. Centr. 1861, 929

and 956 ; Jahresber. 1861, 789.

Verdauungsstoff. The constituent of the gastric juice which effects

the conversion of albuminous substances into peptones. Named by
Schwann. See the older investigations, Handbueh viii, 26 ;

Lehmann's Physiological

Chemistry, 2, 46 ;
further: Vogel (N. J. Pharm. 2, 273 ;

Serzel. Jahresber. 23, 605)';

J. Vogel (Ann. Pharm. 30, 37; ;
C. GL Mitscherlich (Pogg. 40, 128).

The pepsin of commerce is either the mucus of the stomach scraped off and dried,

or a mixture of pepsin, peptones, and starch, containing lactic 'acid. See Guibourt

(J. Pharm. Chini. [4] 2, 81).

The glandular layer of a pig's stomach is digested with aqueous

phosphoric acid till it becomes disintegrated ; the solution is mixed

with so much lime-water that it turns litmus blue ; and the precipitate,

which carries down nearly the whole of the pepsin with it, is dissolved

in dilute hydrochloric acid. This, solution is again precipitated with

lime water ;
the precipitate is dissolved in dilute hydrochloric acid ;

and

the solution is submitted to prolonged agitation with a cold saturated

solution of cholesterin in a mixture of 4 parts of 94 p. c. alcohol and

1 part of ether. A white emulsion is thus formed, containing finely
z 2
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divided cholesterin, which takes up the pepsin. This emulsion is col-

lected, washed with water containing- acetic acid and with pure water,
and lastly agitated with ether free from alcohol so long as it gives up
cholesterin. The pepsin then remains in aqueous solution, which is to

be freed from ether by exposure to the air and from a little mucus by
filtration.

Gastric juice obtained from a fistula in the stomach of a dog by
mechanical or electrical irritation of the empty stomach, may, provided
it contains no albumin or acidalbumin, be freed from acid, salts, and

peptones by dialysis, the pepsin then remaining behind on the dialyser

(Krasilnikow, Tubing, medic. Untersuch. 1, 240).

Aqueous pepsin is colourless and neutral, and is not affected by
strong nitric acid, tincture of iodine, corrosive sublimate, nitrate of

silver, or tannic acid. It produces a turbidity in neutral acetate of

lead, even when acidified with acetic acid
;

also in basic acetate

of lead and bichloride of platinum. One drop added to 5 c.c. of aqueous
acid containing O'l p. c. of hydrochloric acid, dissolves a flock of fibrin

in the course of an hour. Finely divided phosphate of lime, animal

charcoal, and sulphur, withdraw pepsin from its aqueous solution

(Briicke).

Mucin.

FIGUIER. J. Pharm. 26, 113.

GOBLEY. N. J. Pharm. 33, 161.

EOLLET. Wien. Acad. Ber. 39, 308 ; Chem. Centr. 1860, 401 ; Jdhresler.

1860, 567.

E. EICHWALD, jun. Wurzb. medic. Zeitschr. 5, 281 ; Ann. Pharm. 134,

177; Chem. Centr. 1866, 209; Jahresber. 1865, 649.

To be distinguished from the mucin of wheat-gluten.

Source and Formation. 1. In the vineyard snail (Helixpomatici), the
mucus of which was previously examined by Figuier and Gobley
(Eichwald.) On the mucus of Limax agrestis and limacin, see below.

2. In many mucous fluids of the animal organism, especially in the
fluid contents of colloid sacs, in the mucous secretion of the respiratory
passages, in lymph glands, salivary glands, sarcomas, and fibroids

(Eichwald). Hence the products investigated by Scherer, Kemp, Gorup-
Besanez, Stadeler, and Cramer belong to this place, notwithstanding their divergent
composition. See below.

3. The intercellular substance of connective tissue yields mucin by
treatment with lime-water (Rollet ; Eichwald).

Preparation. A. From Vineyard Snails. The snails freed from shells
and cut up, are triturated with sand to a pulp, which is boiled with
water. The liquid is filtered hot, and the dirty brown filtrate, which
contains mucin and albumin-peptones, but no albumin, is precipitated
with excess of acetic acid. The precipitate is washed by decantation,
first with water containing acetic acid, and afterwards, when the
washings are no longer rendered turbid by tannic acid, with pure
water, to free it from acid. It is then dissolved in dilute lime-water,
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and again precipitated with a large excess of acetic acid. The flocks

thereby thrown down are again washed with dilute acetic acid, so long
as the washings contain lime, hydrochloric acid, or peptone precipitable

by tannic acid, and then with pure water till the niucin begins to swell

up and run turbid through the filter. Strong spirit is then poured upon
them, and they are preserved in that liquid (Eichwald).

B. Eichwald obtained mucin from mucous fluids of the animal

organism in the same way as from snails. Such liquids, however, when
thin, require to be warmed to 40 after precipitation with acetic acid,
whilst thicker or viscid masses must be suspended in water before

precipitation. The mucin thrown down often contains much albumin,
and in that case is to be washed with water containing acetic acid till

the washings cease to precipitate ferrocyanide of potassium or tannic

acid. Sometimes it contains also plastic elements, which cannot always
be separated by filtration, but only by deposition and decantation.

C. From the connective tissue of the higher animals. Sinews cut into

fine shavings are freed from albumin and albuminates of the alkalis by
washing with warm water and pressing in linen cloths till the wash-

ings are no longer precipitated by acetic acid and ferrocyanide of

potassium. The residue is then digested with lime-water, in which the

sinews swell up and become disintegrated ; and after standing for 12

hours the product is exhausted two or three times more with lime-

water. The filtered extracts are precipitated with a large excess of

strong acetic acid, and the flocks of mucin thereby thrown down
are purified by again dissolving them in lime-water and precipitating
as before, and finally by washing them in closed vessels (Eichwald ;

Kollet). If the acetic acid employed be dilute or in too small quantity,
the liquid is difficult to filter, and albumin is thrown down with the

mucin (Eichwald).
Mucin is pure if, when it is mixed with water and acetic acid, and

filtered, the filtrate gives no precipitate with ferrocyanide of potassium
or tannic acid.

Properties. The mucin of snails, precipitated with alcohol, forms
dense brown-grey flocks ; that obtained from tissues or animal fluids

is white or greyish-white. After drying it forms a brown gelatin-
like mass, difficult to pulverise (Eichwald).
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sisting of phosphate of lirne with alkaline carbonates. b. When the aqueous
solution of this alkaline uiucin is precipitated with acetic acid, a purer mucin is

thrown down, which is still to be washed with water, boiling alcohol, and ether

(Scherer, Ann. Pharm. 57, 196).

Kemp and G-orup-Besanez examined bile-mucus ; Cramer, the mucus of the

salivary glands, further particulars of which substances are given below. Mulder's

analysis (ScheiJc. Ondsrzoek. 1, 34 ; Ann. Pharm. 48, 366) refers to the so-called

Sternschuppenmaterie, w
rhich appears to be the mucus of the oviduct of the frog, and

is regarded by Eichwald as inucin.

According to Eichwald, the percentage of nitrogen in mucin was formerly stated

too high, in consequence of its containing albumin-peptone.

Decompositions. 1. Mucin acquires a straw-yellow colour when
boiled with dilute nitric acid, and dissolves in the boiling strong acid,

forming a solution from which ammonia throws down flocks, soluble

with brown colour in excess. 2. Warm strong hydrochloric acid dis-

solves mucin with dirty-brown colour (Eichwald). Rollet's mucin dis-

solves gradually in hydrochloric acid, with blue colour.

Mucin is resolved by boiling for a short time with mineral acids, or

by more prolonged boiling with moderately strong acetic acid, into acid

albumin and grape-sugar, other products being probably formed at the

same time (Eichwald). On the acidalbumin, see p. 343. The gTape-sugar
remains in solution after filtering off the acidalbumin, and is obtained

by neutralising the sulphuric acid solution with milk of lime,

evaporating the filtrate, and exhausting the residue with alcohol.

The extract left on evaporating the alcoholic solution behaves like

grape-sugar towards alkaline solution of copper and potash-ley

(Eichwald).

3. Mucin assumes a rose-red colour when warmed with mercurous

and mercuric nitrate (Eichwald), and a red to dark-violet Colour with oil

of vitriol and sugar (Rollet). 4. When boiled with lime-water it yields

mucus-peptone (p. 344) (Eichwald).

Dry mucin is insoluble in water, either cold or hot. Moist mucin,
preserved under alcohol, readily swells up in water, without dissolving.
Water shaken with mucin remains turbid for some time, more so in the
lower layers than in the upper ;

the latter deposit a part of the mucin
when diluted with water, and another portion, which cannot be sepa-
rated by filtration, only after long standing. Addition of a little acid

throws down dense flocks, which dissolve in strong, but not in dilute

mineral acids. Mucin is insoluble in aqueous acetic and oxalic acids,
and in hydrochloric acid of TVth p. c. Moderately dilute mineral acids

dissolve it partially ; strong hydrochloric, sulphuric, and nitric acids com-

pletely, forming clear solutions precipitable by water and alkalis.

Strong aqueous chloride of sodium and other alkali-salts take up mucin,
forming opalescent frothing liquids, which are partially precipitable by
water (Eichwald).

Mucin dissolves easily in aqueous alkalis, alkaline earths, and
ammonia, forming therewith clear solutions, susceptible of filtration,
even when the solvents are very dilute. A solution made with excess
of mucin is neutral to litmus (Rollet ; Eichwald). Alkaline solutions
are precipitated by mineral and organic acids, with the exception of
carbonic acid ; the precipitate produced by acetic acid is free from the
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acid. The precipitates thus produced are easily soluble in excess of the
acids ;

in hydrochloric acid more especially in presence of chloride of
sodium (Eichwald).

Neutral or slightly alkaline solutions of mucin in aqueous alkalis
are not affected by boiling ; they are not precipitated by ferric chloride,

cupric sulphate, mercuric chloride, or silver nitrate, provided the alkali is

not in excess. They are rendered opalescent by neutral acetate of lead,
and precipitated completely in flocks by the basic acetate, but are not
affected by tannic acid. Acid solutions of mucin are precipitated by
ferrocyanide ofpotassium only on neutralisation (Eichwald).

Mucin dissolved in alkalis does not diffuse through parchment-paper.
It is coagulated by alcohol, and after pressing, redissolves in water,
forming alkaline or neutral solutions, according to the reaction of the

original liquid (Eichwald).

Alcohol causes mucin suspended in water to collect in dense flocks,
which, when freed from alcohol by washing, again diffuse in water
(Eichwald).

Appendix to Mucin.

1. Eichwald's Acidalbumin* Obtained, together with grape-sugar,
by boiling mucin [or paraglobin (Eichwald, Chem. Cetitr. 1869, 566)]
with dilute acids.

a. Mucin suspended in water is mixed with dilute sulphuric acid?

and the turbid frothing liquid is heated to boiling, whereupon the mucin
swells up and dissolves, the liquid afterwards assuming a brown colour,
and depositing dark flocks. The decomposition is complete when the

supernatant liquid, after being allowed to cool and neutralised with
alkali, no longer gives a precipitate with acetic acid : a precipitate
insoluble in excess of acetic acid indicates undecomposed mucin

; a pre-
cipitate soluble in excess consists of acidalbumin, remaining in solution
in consequence of too little sulphuric acid being employed. After

cooling, the flocks are collected and washed, till they begin to dissolve
in water.

b. Mucin is boiled with moderately dilute acetic acid for an hour or

two, or until it dissolves to a clear brown liquid ; the filtrate is neu-
tralised with ammonia-water, and the flocks thereby thrown down are
washed by decantatioii, first with aqueous acetate of ammonia, then
with alcohol, and dried. Before analysis it is to be washed with
alcohol and ether, and then contains 53*62 p. c. C., 13*18 N., 7*15 IL,
and 26'05 0., and is free from sulphur and ash.

Acidalbumin obtained according to a, forms brown flocks, which

dry up to a brown friable mass, insoluble in cold or boiling
water, and in very weak potash-ley. Moist acidalbumin dissolves

easily in water, forming a brownish frothing liquid, which is susceptible
of filtration, and is not affected by boiling, and not precipitated by
dilute mineral acids, by dilute or strong acetic acid, or by concentrated
solution of chloride of sodium, but gives a precipitate when mixed first
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with chloride of sodium, then with a small quantity of acid. Strong
mineral acids in excess produce insoluble flocks with this aqueous acid

albumin ; ferric chloride, neutral and basic acetates of lead, cupric

sulphate, mercuric chloride, silver nitrate, and tannic acid precipitate
it completely; ferrocyanide of potassium precipitates it only after

addition of an acid. Moist acidalbumin is insoluble in strong, but

easily soluble in very dilute mineral acids (and in vegetable acids of all

strengths), and is deposited from these solutions on evaporation, in

flocks which re-dissolve when the solution is again diluted. The solu-

tions are precipitated by ferrocyanide of potassium, tannic acid, excess

of basic acetate of lead, and incompletely by metallic salts. Acid-

albumin is insoluble in strong aqueous solutions of salts, such as acetate

of ammonia, acetate of soda, chloride of sodium, sulphate of potash.
It dissolves very easily in aqueous alkalis, from which it is precipitated

by metallic salts and tannic acid
;
acids precipitate the alkaline solutions

only in presence of a large quantity of alkali or alkaline salt.

Acidalbumin is precipitated from its aqueous solution by weak

spirit and absolute alcohol ; prolonged contact with the latter renders

it insoluble in water.

2. Eichwald's Mucus peptone. Obtained by decomposing mucin
with boiling lime-water. Occurs ready formed in fluids containing
mucus, which have remained stagnant for some time in living bodies.

Mucin is dissolved in excess of lime-water, and the solution is

mixed with three times its volume of water and boiled for two or three

hours, or until a test-portion no longer gives a precipitate witb acetic

acid. The lime is then separated by means of carbonic acid, and the

filtrate is concentrated and precipitated with alcohol, which throws down
the peptone ill greyish-white delicate flocks, drying up to a yellow
mass.

Mucus peptone dissolves easily in cold water, even after drying,

forming a solution which diffuses readily through parchment-paper,
and is not precipitated by aqueous acids, salts, or alkalis in the cold,
but is decomposed by boiling with dilute acids, with separation of white
flocks. Aqueous mucus peptone is coloured brownish by tincture of

iodine ;
it does not colour or reduce alkaline solution of cupric oxide,

even after contact with saliva, or on boiling with acids. It gives with
basic acetate of lead, dirty-white flocks, soluble in acetic acid

;
and with

a mixture of mercurous and mercuric nitrate, flocks which turn red when
warmed. It is not precipitable by neutral acetate of lead, ferric chlo-

ride, cupric sulphate, mercuric chloride, nitrate of silver, bichloride of

platinum, or tannic acid, even after addition of acids.

3. Animal mucus only partially agreeing with Mucin. See the analyses

p. 341. Occurs of various degrees of
t
consistence and viscidity, owing

probably to differences in the amounts of alkali which it contains

(Stiideler).

Mucus of Limax agrestis. Forms a colourless translucent slimy
fluid of alkaline reaction, solidifying to a jelly on evaporation, suscep-
tible of filtration when diluted, and precipitable by acids, metallic salts,
and tannic acid. After drying at the ordinary temperature, it re-
dissolves in water to a ropy liquid, but when dried at 100 it becomes
insoluble.

^The mucus dissolves in ammoniacal or slightly alkaline

water, or in lime-water, forming solutions from which acids throw
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dowii a translucent jelly. These alkaline solutions, as well as the

original mucus, become limpid on standing for some days and are then
not precipitable by acids, a substance coagulable by heat like albumin

being formed (Braconnot, N. Ann. Chim. Pftys. 16, 313). The property
was also observed by Gobley in the mucus of the vineyard snail.

Braconnot's limacin, likewise from Limax agrestis, is obtained by
boiling the snails with water, evaporating, exhausting the residue with
small quantities of cold water to remove extractive matters, boiling with

water, and filtering; the limacin is deposited from the filtrate as it

cools. It is white, friable, and slightly soluble in water while in the

moist state ; the somewhat slimy solution in boiling water deposits it in

white flocks on cooling. Its aqueous solution precipitates tannic acid

and metallic salts. Limacin dissolves easily in alkaline water, forming
a solution which does not blacken silver, arid yields with acids a dead-
white precipitate soluble in excess of acid. The solution in hydro-
chloric acid does not assume a blue colour. Limacin dissolves in

boiling alcohol (Braconnot, N. Ann. Chim. Phys. 16, 319). Gobley also

obtained this body (N. J. Pharm. 33, 164).

Mucus of the Gall-bladder. Precipitable by alcohol from ox-gall.
After precipitation it is insoluble in water but swells up therein.

Becomes translucent and gelatinous in potash-ley and dissolves to a

slight extent in weak potash, from which it is precipitated by acids.

Leaves 1 p. c. of phosphate of lime when burnt. The mucus precipi-

tated from bile by acetic acid is green after drying, owing to the pre-
sence of biliverdin ;

when mixed in the moist state with not too much

potash, it sometimes becomes elastic, but generally gelatinous and

translucent (Berzelius, Ann. Pharm. 43, 7, and 59. Tiedemann &
Gmelin, Die Verdauung, ], 43).

The mucus precipitated from ox-gall by alcohol, when washed with

alcohol and ether and dried below 100, is grey and transparent, and

contains sulphur and 10 p. c. of ash. It becomes translucent in water,
without dissolving. The mucus precipitated by absolute alcohol can-

not be suspended, even while moist, but swells up in water at 120 and

dissolves at 200 (Kemp, Ann. Pharm. 43, 115).

A solution of the mucus of human bilo in aqueous potash gives no

precipitate with hydrochloric acid, except after addition of tincture of

galls (Fromherz & Gugert). The mucus from the gall-bladder of an

apoplectic patient gave precipitates with alcohol and dilute acids ; it

then swelled up in water and partially dissolved. After boiling with

alcohol and ether and drying, it was white, brittle, and quite insoluble

in water (Gorup-Besanez, Ann. Pharm. 59, 153).

The mucus scraped from the small intestines of the dog or horse,

after being washed with cold water, digested in dilute hydrochloric

acid, and again washed with water, dissolves, with the exception of a

few flocks, in very dilute potash or ammonia-water, and is precipitated

therefrom by acids. It dissolves for the most part in warm acetic

acid (Gmelin). The mucus which is deposited from urine dissolves

easily in alkalis and is not precipitated by acids (Berzelius).

Mucin of the Salivary glands. Ptyalin. SpeicTieMoff. The fluid con-

tents of the salivary glands contains mucin (Eichwald). Mucin is

contained in chorda-saliva and more abundantly in symphaticus-saliva,

but not in parotid-saliva. When symphaticus-saliva is mixed with
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excess of acetic acid, and then beaten with a glass rod, it separates
into a fluid which is no longer ropy, and solid masses of mucin (Kuhne,
Physiol. Chemie. 11).

Berzelius (Lehrb. 3 Aufl. 9-217) distinguished in mixed saliva (the
mixed fluids of the cavity of the mouth) mucus, a constituent of the

secretion of the mucous secretion of the mouth itself, and ptyalin,
derived from the secretion of the salivary glands. When saliva diluted

with water is left to itself, a portion of the mucus separates as a

coherent mass. On evaporating the filtrate, washing the residue with

alcohol, which takes up flesh-extract and salts, neutralising the uiidis-

solved slightly alkaline portion with acetic acid, and evaporating, a

residue is left from which alcohol takes up acetate, leaving a mixture
of ptyalin soluble in cold water, and mucus insoluble therein. Ptyalin
is colourless and transparent ; when placed in water it turns opaque,
white, and slimy, and dissolves to a clear liquid, which is not pre-

cipitated by boiling, or by the addition of basic acetate of lead, mer-
curic chloride, taunic acid, or even of strong acids. Mucus is opaque
and insoluble in water : it coagulates in contact with acids, dissolves

in alkalis, and is precipitated by acids. Hence the ptyalin appears to

be mucus-peptone, the mucus probably mucin (Kr.).

Similarly Mitscherlich distinguishes mucus and ptyalin in parotid
saliva. Ptyalin is obtained as a yellowish-brown hygroscopic mass
when the alkali of the saliva is not neutralised. Prepared by the method
of Berzelius, it has the properties mentioned above, and after evapora-
tion to dryness without heat, is completely soluble in water, from which
it is precipitated by alcohol (Mitscherlich).

Ptyalin dissolved in water gives with cupric sulphate a green pre-

cipitate, the filtrate from which is also green. Copper cannot be
detected either in the precipitate or the filtrate until the organic matter
is destroyed (C. G. Mitscherlich, Pogg. 40, 126).

For the statements of Tiedemann & Graelin, Simon, Wright, Tilanus, and Leli-

mann on ptyalin, see Handbuch, viii, 7 ; Lehmann's Physiological Chemistry, ii,

1317; see also Hiinefield (Schiveig. 60, 139), and Guibourt (J. Chim. Med. 9,

197).

The mucus of saliva becomes transparent and horny in sulphuric,

hydrochloric, or acetic acid, without dissolving or giving up to the acid

phosphate of lime, which remains, however, on incineration (Berzelius).
The mucus, which is insoluble in water, assumes a red colour with

oil of vitriol, and forms a slightly blue solution with cold, or more easily
with boiling hydrochloric acid. Ammonia causes it to swell, without

dissolving it, even on warming. Potash dissolves it incompletely when
heated. Acetic acid behaves like ammonia (C. G. Mitscherlich, Pogg.
27, 340).

The Mucus of the Nose and the Eespiratory passages is coagulated by
nitric acid. "With 19 parts of water it forms a transparent albumin-like

mass, dissolves in dilute sulphuric acid, and coagulates in acetic acid
without dissolving therein, even on boiling : in potash-ley it first

becomes viscid and then dissolves (Berzelius). The washed mucus of
the nose takes up copper from dilute solution of cupric sulphate, and
partially dissolves in it : the undissolved portion is taken up by hydro-
chloric and sulphuric acids, but not by acetic acid (Mitscherlich, Pogg.
40, 132).
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The Mucous substance of the Salivary glands, according to the analyses
of Cramer given above, has riot the composition of mucin. According
to Stadeler, it occurs also in the mucous membranes and in the white
of hens' eggs, and may be obtained from the salivary glands by the

following process. The glands are triturated with powdered glass ;

the albumin and other substances readily soluble in water are removed

by agitating two or three times with water ; and the residue is further

exhausted with water. The ropy extracts thus obtained (which may
be filtered after dilution) become viscid on addition of acetic acid,

owing to partial abstraction of alkali, and afterwards deposit white

flocks of mucin, which is to be purified by washing with water, alcohol,
and ether. As thus obtained, mucin forms an elastic mass resembling
blood-fibrin (Stadeler), and still containing, according to Cramer's

analysis, 1-84 p. c. of ash. After precipitation with acetic acid, it is

no longer soluble in cold or warm water, but on prolonged boiling, a

portion dissolves, and is again precipitated in white flocks by acetic

acid. Glacial acetic acid causes it to swell up to a jelly, and dissolves

it on prolonged boiling ;
alkalis throw down from the solution bulky

flocks. Mucin boiled with dilute sulphuric acid yields leucine and
7 p. c. of its weight of tyrosine (Stadeler, Ann. Pharm. Ill, 14

; Cramer,
Dissert, ilber Seide und thierischen Schleim, Zurich, 1863, 32).

On Mucin from the Submaxillary gland, see ADDENDA to this volume.

Ptyalin. This term, originally applied to Berzelius's salivary

matter, has lately been extended to the sugar-forming ferment of

saliva, which according to Cohnheim, may be obtained as follows :

Fresh human saliva, obtained by tilling the mouth with ether-

vapour, is strongly acidified with aqueous phosphoric acid, and lime-

water is added to alkaline reaction. A precipitate is thus produced,
containing, besides tricalcic phosphate, albuminous substances and

ptyalin : when washed writh water it gives up the ptyalin, which is

precipitated by alcohol from the first wash-waters in delicate white

flocks, and freed from phosphates by repeatedly precipitating its aque-
ous solution with absolute alcohol. The product is washed with weak

spirit, and then with a little water, and dried at a low temperature.

Nitrogenous ; burns on platinum foil, evolving an odour of burnt horn,
and leaving no ash. Does not yield xanthoproteic acid with nitric acid.

Dissolves easily in water, forming a solution which is precipitated by
neutral and basic acetates of lead, but not by mercuric chloride,

platinic chloride, or tannic acid.

Ptyalin rapidly produces sugar from dry starch, starch-paste, or

dextrin. The conversion takes place most rapidly at 35 : ptyalin is

inactive at 60. The action takes place in neutral, slightly acid, or

slightly alkaline solutions, and when stopped by the presence of rather

more acid or alkali, is set up again by neutralisation : very large

quantities of acid, however, stop the action altogether. The forma-

tion of sugar takes place the more slowly the smaller the quantity of

ptyalin present, but when 1-5 to 2*5 p. c. of sugar has been formed,
even strong solutions of ptyalin cease to act until the proportion of

sugar is reduced by dilution. In solutions sufficiently dilute, very
little ptyalin produces large quantities of sugar, apparently without

undergoing alteration in itself.

Saliva effects the conversion of starch into sugar, owing to the

ptyalin it contains, and loses this property when the ptyalin is sepa-
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rated. Raw starch digested with saliva at a temperature not exceeding

35, loses its property of turning blue with iodine : the granulose of

the starch-granules is dissolved as sugar, and a skeleton of starch

cellulose remains. Thick starch-paste becomes mobile in contact with

saliva. See also Handbuch. viii, 19 ;
Lehmann's Physiol. Chemistry, ii, 31 ; iii, 499.

Ptyalin does not affect cane-sugar, amygdalin, or saliciri. See, on

the contrary, Stadelcr (xv, 438, 14); Cohiiheim (Kuhne's Physiol.

Chemie, 18 ; Virch. Arch. 28, 241).

Keratin or Horn-substance.

VAUQUELIN. Ann. Chim. 58, 41 ; N. Gehl. 2, 222.

J. SCHERER. Ann. Pharm. 40, 53 ; Berzel. Jahresber. 22, 571.

VAN LAER. &cheikund. Onderzoek. 2, Stuk 75 ; Berzel. Jahresber. 23,

617.

UINTERBERGER. Ann. Pharm, 71, 70 ; Jahresber. 1849, 502.

v. BIBRA. Ann. Pharm. 96, 289 ; Jahresber. 1855, 750.

The constituent of the epidermis and of epithelium, in which it

exists in the membranous form. In the compact state it forms hair,

horns, nails, claws, and feathers. It is obtained pure by boiling these

substances with water, alcohol, and ether.

Horn-substance is of various colours, but no colouring matter can

be separated from it : hence v. Bibra concludes that the colour is due

to structure. It is hard and elastic : when heated it softens and
melts.

Scherer.

v. Laer.

Hair,
dried at 120. Hair. Nails.

C 49-70 .... 50-24 .... 50-30

N .... 17-14 .... 17-14 ....

H .... 6-36 .... 6-69 .... 6'82
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45-5 p.c. 0.), 12-29 N., 6-75 II., 1-14 S., 2-81 ash, and 32-76 0., and,
therefore, much less carbon and nitrogen than horn-substance.

Horn yields by dry distillation carbonic acid and hydrocarbon gases,
water, hydrocyanic acid, carbonate of ammonia, and a stinking oil,

leaving charcoal. Hair yields more sulphur and but little gas (Vau-
qtielin). Feathers give off a sulphuretted a*as which evolves much
heat with peroxide of lead, and yield a distillate containing pyrrol and
other volatile bases (Williams, Ann. Pharm. 109, 127).

Articles made of horn soften when warmed, and retain the shape
given to them after rapid cooling. Cracked quills, dipped in boiling
water for a minute and then in cold water till perfectly cold, show no
trace of the cracks (Bottger, Polyt. Notizbl. 1858, 16 ; Kopp's Jahresber.

1858, 543).
The human epidermis swells up considerably in boiling water

(John). Hair is insoluble in water at 100 (Vauquelin). Hair cleaned
with cold water and spirit yields, when submitted to prolonged diges-
tion with water at about 100, a sticky, almost gelatinous substance,
insoluble in cold spirit and behaving like gelatin towards reagents

(v. Bibra). Human hair heated with water to a moderately high
temperature in a Papin's digester, dissolves almost entirely with evolu-

tion of sulphuretted hydrogen. The solution gives abundant precipi-
tates with chlorine and tincture of galls, and with strong mineral acids,
and leaves a sticky mass when evaporated. At a higher temperature
in the digester, ammonia and empyreumatic oil are produced (Vauquelin).
Hair evolves sulphuretted hydrogen even on prolonged boiling with

water, colours the water yellow, and gives up to it a substance pre-

cipitable by tannic acid and neutral acetate of lead. It retains its form
even after prolonged boiling under a pressure of 8 atmospheres, but

gives up to the water a substance which forms a grey deposit and an
extract partially soluble in alcohol (v. Laer).

Feathers heated to 200 with water for some hours dissolve to a

yellow liquid, which smells of burning feathers, and deposits flocks

(Leyer & Koiler). Quills also dissolve in a Papin's digester (Bogdanow,
Compt. rend. 45, 688).

Hair turns yellowish in chlorine, and softens to a sticky mass (Vau-

quelin). Van Laer obtained proteinchlorous acid (p. 265). Hair,

wool, and horn, treated with sulphuric acid and binoxide of manginese,
or bichromate ofpotash, yield benzoic acid amongst other products (Vohl,
Chem. Centr. 1868, 71).

Horn substance colours dilute nitric acid yellow, and is converted

by prolonged treatment into a yellow mass, which, after washing with

cold water, dissolves to a yellow gelatinous liquid in boiling water.

Strong nitric acid dissolves horn rapidly, with evolution of nitric oxide

(Hatschett). Hair treated with nitric acid yields xanthoproteic acid,

then a reddish-brown solution containing sulphuric, oxalic, and sac-

charic acids (v. Laer). Cows' horns and horsed hoofs likewise yield

xanthoproteic acid (Van der Pant, Kopp's Jahresber. 1849, 507).
^

Horn boiled with moderately dilute sulphuric acid, yields leucine and

tyrosine (Hinterberger) ; also aspartic acid (Kreusler, J. pr. Chem.

107, 240).
Goose feathers swell up to a gelatinous mass in dilute sulphuric

acid, and on prolonged boiling therewith, dissolve to a dark-brown

liquid, which evolves ammonia and an odour of volatile bases when
neutralised with lirne, and contains a body precipitable by neutral
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acetate of lead. Human hair and hedgehog's spines yield the same

products (Leyer & Roller, Ann. Pharm. 83, 332).
When serpent's skin is treated alternately with cold oil of vitriol

and cold potash-ley, whereby nitrogenous substances are dissolved,
there remains a substance which is isomeric with cellulose, and yields
fermentable sugar on boiling with dilute acids (De Lucca, Compt. rend.

57, 437). See also xv, 309-

Hydrochloric acid acquires a brown colour by long contact with

horn-substance, horn itself assuming either a dark-blue or a brownish

purple-red colour, which is changed to dark-yellow by nitric acid, and
to orange by ammonia (Hatschett). Hair dissolves in hydrochloric
acid after long .boiling, with formation, according to v. Laer, of humic
acid and sal-ammoniac.

Hot aqueous potash dissolves horn-substance, with evolution of am-
monia ; the solution gives with acids a precipitate soluble in excess of

acid (Hatschett, Scher. J. 6, 301). The alkaline solution contains

acetic acid, and evolves sulphuretted hydrogen with acids. When it

is precipitated in two portions by acetic acid, the first grey precipitate
contains more carbon than the second yellowish-white one (Scherer).

1. Precipitatefrom Horn. Precipitatesfrom Hair.

1. 2.

C .... 5470 54-26 52'84
N .... 15-59 15-73 14-84

H .... 7-24 7-16 7-06

According to v. Laer, the first precipitate is Mulder's protein, while

that produced by more acid is bioxyprotein. With dilute potash-ley
but little bioxyprotein and less protein are obtained (v. Laer). v. Bibra
found both precipitates to contain sulphur (1*21 and 1*06 per cent.).

a. Bioxyprotein is pale-yellow while moist, black and resinous

after drying. It is insoluble in cold water, but is converted into a

sticky mass and partly dissolved by boiling water. Its solution in oil

of vitriol is precipitated by water, and that in aqueous alkalis by acids.

Insoluble in alcohol. Contains 52-73 p. c. C., 7'04 H., 14-51 N., arid

25-72 0. ; according to v. Laer C40N5H31 15
.

b. On passing chlorine into the solution freed from protein by neu-
tralisation with hydrochloric acid, proteinchlorous acid is first thrown

down, and afterwards the compound C40
JN

4H31 17
,C10

3
is precipitated.

The compound is whitish-yellow, translucent after drying, smells of

chlorous acid, and is insoluble in cold water. Boiling water separates
a white adhesive mass soluble in acetic acid. The compound dissolves

in nitric acid without coloration ; in ammonia and potash, from which
it is precipitated by dilute sulphuric acid ; partially in weak spirit, and

completely in absolute alcohol (v. Laer).

When horn-shavings are fused with hydrate of potash till hydrogen
and ammonia are evolved, leucine and tyrosine are formed, together
with acetic, butyric, and valerianic acids (Hinterberger).

Horn-substance swells up in acetic acid without undergoing any
essential alteration in structure, and dissolves in the liquid on boiling.
Hair colours strong acetic acid yellow, and becomes brittle (v. Laer).

Hair freed from fat by ether-alcohol, nails, hedgehog's spines, the
scales of Coluber natrix, as well as the non-albuminous elastic fibres of

the aorta cf the ox, dissolve almost entirely in glacial acetic acid at



HORN-SUBSTANCE. 351

120, forming- brown solutions. The solution of hair contains hydro-
sulphuric acid, the other solutions do not. The acetic solution is

rendered turbid by water, and is abundantly precipitated by caustic
soda and its carbonate, the precipitate from the solution of hair being
soluble, and that from solution of elastic fibres insoluble, in excess of

soda-ley (G. Judell, Tiibinger medic. Unters. 1, 438).
The epithelium of the mucous membrane of whalebone, scraped off

and washed with water, alcohol, and ether, is triturable to a yellowish-
white dusty powder, which dissolves with dark-blue colour ia boiling-

hydrochloric acid, and is slightly soluble in acetic acid. Its alkaline

solution gives with acetic acid a precipitate soluble in excess of acid,
this last solution being precipitated by ferrocyanide of potassium
(Gorup-Besanez, Ann. Pharm. 61, 49). See the analysis, p. 348.

When dry sheep's wool is treated with anhydrous ether, cold water,
alcohol, and hydrochloric acid containing 0*13 p. c. in succession, and
then again exhausted with alcohol and ether, the wool-fibre is left free

from soluble constituents, and containing only such impurities as may
be removed mechanically. In this process the ether takes up fat,

the water takes up sweat, and the other liquids take up small quantities
of soap. The purified fibre amounts to 20 to 50 p. c. of the air-dried

wool (Marcker & E. Schulze, J. pr. Chem. 108, 193).

Analyses of Wool-fibre, ash being deducted.

c
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which when diluted, boiled for some time, neutralised with lime, and

evaporated, leaves a yellowish extract. This body contains ammonia-
salt, a little leucine, a substance poor in nitrogen and soluble in alcohol,
and another body insoluble in alcohol, the latter being precipitable by
basic acetate of lead, mercurous nitrate, and tannic acid. By the less

prolonged action of sulphuric acid, a body richer in nitrogen is formed,
also insoluble in alcohol, and externally resembling glue (Braconnot,
Ann. Chim. Phys. 12, 186; 13, 121).

Wool dissolves in hot aqueous potash, evolving ammonia and turn-

ing brown. The solution, when mixed with hydrochloric acid, gives
off hydrosulphuric acid, and deposits a brown pitchy precipitate, con-

taining sulphur and nitrogen, whilst an amorphous body, likewise con-

taining sulphur and nitrogen, and soluble in alcohol, remains in solution

(Braconnot, Ann. Chim. Phys. 93, 268). Aqueous solutions of caustic

alkalis and of carbonate of soda or ammonia, extract from wool a part
of the sulphur, but not the whole, even when boiled with it as long as

sulphide continues to be formed. The precipitate produced by acetic

acid in alkaline solutions of wool also contains sulphur (Grothe, J. pr.
Chem. 89, 420). The alkaline solution, when evaporated and distilled,

yields amylamine and butylamine (Gr. Williams, Chem. Gaz. 1858, 380 ;

Ann. Pharm. 109, 127).
When wool which has been treated with potash is steeped in solu-

tion of cupric sulphate, it afterwards assumes a bronze colour in the air,

due to sulphide of copper (Grothe, Anal. Zeitschr. 3, 153).
Ammoniacal solution of oxide of copper dissolves wool completely

only when warmed (Schwezer, /. pr. Chem. 72, 109). It does not dis-

solve wool in the cold (Stefanelli, Dingl. 156, 225), even in 14 days
(Ozonarn, Compt. rend. 55, 863). Chloride of zinc does not colour wool
at 130 to 150 (Maumene, Compt. rend. 30, 447). Wool acquires a

permanent yellow colour in dilute picric acid (Pohl, Wien. A cad. Ber.

9, 386 ; Jahresber. 1852, 825).

Ossein.

FREMY. N. Ann. Chim. Phys. 43, 51 ; N. J. Pharm. 27, 1
; Jahresber.

1854, 700.

The organic basis of bone. Occurs also in reindeer's feet, stag's

horns, and whalebone. On allied substances, see below.

Bones are treated repeatedly with a mixture of 1 part of hydrochloric
acid and 9 parts of water

,-
after some days the residue, which has be-

come translucent and elastic, is washed with cold and warm water so

long as it gives up hydrochloric acid, and until a portion of it gives
with boiling water a solution of gelatin free from chlorine. The pro-
duct is further washed with alkaline water, alcohol, and ether. Ossein

thus obtained still contains traces of ash and small quantities of blood-

vessels, which remain undissolved on treating it with boiling water.

Ossein contains 50-4 p. c. C., 16'9 N., 6-5 II., and 26-2 0. In boiling
water it is very slowly converted into an equal weight of gelatin ;

more rapidly when prepared from the bones of young animals ; and

very speedily after addition of small quantities of acid.

Fish-bones and the bones of water-birds contain, besides ossein, a
substance soluble in boiling water and having, apparently, the same



GLUTIN OR BONE-GELATIN. 353

composition. When these bones are freed from lime-salts by means of
cold dilute hydrochloric acid and the residue is washed free from
acid and then boiled with water, the ossein dissolves as gelatin, whilst
a transparent elastic residue, having the form of the bones, remains
undissolved (Fremy).

The substance corresponding to ossein in the tortoise contains as
much as 2 p .c. of sulphur, 53'45 p. c. C., 16-35 N., 7-25 H., and 22-95 0.

It is very slowly altered by boiling water and acids (Fremy).

Glutin or Bone-gelatin.

HATSCHETT. Phil. Trans. 1800, 369 ; Scher. J. 6, 290. BOSTOCK.
JV. GehL 4, 552. JOHN. Schw. 15, 200. BRACONNOT. Ann.
Chim. Phys. 13, 113 ; Schw. 29, 344.

J. MULLER. Pogg. 38, 295.

J. G. MULDER. Pogg. 40, 279; Berzel. Jahresber. 18, 640. Bulletin en

Neerlande, 1, 23; Berzel. Jahresber. 19, 721.Scheik. Onderz. 1,

67; Berzel. Jahresber. 23, 683. Ann. Pharm. 46, 205; Berzel.

Jahresber. 24, 711.

VAN GOUDOEVEH. Scheik. Onderz. 3, 251 : Ann. Pharm. 45, 62, ; Berzel.

Jahresber. 23, 681.

Animal gelatin. Glue. Formed from the gelatigenous tissues,
that is to say, from the intercellular substance (the filaments) of the

true connective tissue of sinews, ligaments, fascia, bones after ossifi-

cation, whalebone, and teeth, by boiling with water.

According to J. Miiller, fibro-cartilage yields glutin, but according
to Mulder (Physiol. Chemie, 603) and Hoppe-Seyler, it yields chondrin

(See Jtandbuch, riii, 454 ;
Lehmann's Physiological Chemistry, iii, 40, 42) . The

gelatin of elastic tissue exhibits some peculiar reactions (J. Miiller).
See Handbuch, viii, 453.

Chevreul (Ann. Chim. Phys. 19, 33 ; Gilb. 70, 375) observed that

tendons dried at 100, when converted into gelatin by boiling with

water, yielded an equal weight of gelatin dried at 100, and hence con-

cluded that gelatigenous tissues and gelatin have the same composi-
tion. This was also shown by Scherer's analyses of connective tissue

(Handbuch, viii, 458 ;
Lehmann's Physiol. Chem. iii. 47) and by Fremy's

analyses of ossein (p. 352) and gelatin. Chevreul's observation has

recently been confirmed by De Bary in the case of isinglass.

Preparation. Bones broken up and washed are treated with hydro-
chloric acid of sp. gr. T04, whereby the phosphates and carbonates are

removed ;
and the residual bone-cartilage is washed and converted into

gelatin by boiling it for six or eight hours with water. The solution,

clarified by standing in moderately warm vessels, and poured upon
slate or stone slabs, solidifies as it cools ; the plates of gelatin may
then be cut up and dried, first in the air and afterwards in a drying-
closet. A less pure gelatin is obtained by boiling comminuted bones

with water, without previous treatment with hydrochloric acid. Other

materials employed for the preparation of pure gelatin are isinglass and

stag's horns.

Connective tissue contains, besides the gelatigenous fibrillse, cement-

ing substance, elastic fibres, and corpuscles, the removal of which may
VOL. xviii. 2 A
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be effected approximately as follows. Tendons are cut into very thin

slices, which are treated with fresh portions of water so long as they
give up albuminates ;

the residue is digested for several days with a

large quantity of lime- or baryta-water in closed vessels, whereby the

cementing substance is dissolved
; the swollen residue is washed, first

with water and then with acetic acid, so dilute that the substance
shrinks together but does not again swell therein, and lastly exhausted
with water. The remaining fibrillae still contain that portion of the

corpuscles which is insoluble in water and dilute alkalis ; when sub-

mitted to prolonged boiling with water, or when heated to 120 in a

Papin's digester, they yield a solution of gelatin in which ferrocyanide
of potassium reveals the presence of a little syntonin (K'uhne's Physiol.

Chemie, 355).
Gelatin from isinglass may be purified by solution in hydrochloric

acid and dialysis ; there remains on the dialyser a jelly which is free

from ash-constituents and does not putrefy (Graham, Ann. Pharm.

121, 1).

Glue is prepared from the hides of animals. The offal of hides

is left for two months or so in milk of lime frequently renewed, and
then washed with water, by which operations hair and adhering por-
tions of flesh, blood, and fat are removed. After exposure to the air

for some days, to convert adhering lime into carbonate, the whole is

boiled with a sufficient quantity of water till complete solution is

effected. The solution of glue thus obtained is clarified by deposition,
then run into suitable vessels, in which it solidifies on cooling, and

lastly cut up and dried.

Gelatin may be obtained from thin leather (upper leather) by boil-

ing it with lime and water in a Papin's digester ; sole-leather and old

long kept leather cannot be converted into gelatin in this way (Sten-

house, Ann. Pharm. 104, 239).

Properties. Colourless or yellowish, transparent or translucent,

horny, elastic mass, brittle and of concho'idal fracture. Heavier than
water ; tasteless and inodorous ; without action on vegetable colours.

-Rotates a ray of polarised light to the left: the rotatory power is

reduced by warming or by the addition of soda-ley, but not by the
addition of ammonia (De Bary, Tubmger medic. Unters. 1, 73).

Mulder. Gondoever. Fremy.
Calculation according to Mulder. a. b. c. d.

26 C 156 .... 50-00 .... 49'31 .... 50-03 .... 49'22 .... 50'0

4N 56 .... 17-95 .... 18'37 .... 18-31 .... .... 17'5

20 fl .. 20 .... 6-41 .... 6-55 .... 664 .... 6'72 .... 6'5

10 80 .... 25-64 .... 25-77 .... 25'02 .... .... 26'0

C26N4H20O10
.... 312 .... 100-00 .... 100-00 .... 100-00 .... .... lOO'O

Ash .... .... 5-41 .... 0-64

a was prepared from stag's horn, b and c from isinglass, d from bones. Gelatin

contains neither sulphur nor phosphorus : Schlieper (Ann. Pharm. 58, 378), how-

ever, found 0'56 p. c. of sulphur in isinglass, and 0'125 p. c. in bones free from sul-

phuric acid and exhausted with ether. According to Goudoever, gelatin dried at

100 loses 1-65 p. c. of water at 120. When dried with oxide of lead it does not
lose any combined water (Mulder).

Neither the above formula of Mulder, nor Liebig's earlier formula, C52N8H40O20
,

nor yet that proposed by Hunt (C
24N4H20O8

) (Compt. chim. 1850, 317 ; Lieb. Kopp's
Jahresber. 1847 and 1848, 845) can be regarded as established.
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Decompositions. 1. Aqueous glutin or gelatin-jelly readily putrefies,
the jelly becoming fluid and evolving a disgusting aimnoniacal odour.
Addition of carbolic acid prevents putrefaction (Oesterr. Vereinszdtschr. 1868,
4:77). 2. On prolonged boiling -with water, the agglutinating power
of gelatin and its property of solidifying to a jelly is diminished, and

conversely its solubility in cold water is increased. A solution of

isinglass in hot water, when exposed to the boiling heat fcr some
weeks in a sealed tube and then evaporated, leaves a hygroscopic
brown turpentine-like residue, which dissolves easily in cold water and
is only partially precipitated by alcohol. The portion thus precipitated
does not yield a jelly with water (Gmelin). This change takes place
almost instantaneously at 140, even in presence of only a very small

quantity of water : at lower temperatures much more water is necessary,
but very dilute solutions of gelatin lose the property of solidifying only
after being heated to 50 for twelve hours (Kiihne, Lehrbuch. der

Phys. Chemie. 356). Glue boiled with water for 55 hours, and no

longer capable of gelatinising contains, at 120, 48*85 p. c. C., 6*56 IT.,

and 17' 36 N. ; when boiled with water for 100 hours, exhausted with

alcohol, and dried at 120, it contains 49*18 p. c. C., 6*74 H., the com-

position in both cases corresponding to the formula 2C28N 4
JEL

20 10 + aq.

(Goudoever). 3. Gelatin submitted to dry distillation yields the pro-
ducts mentioned on page 256. 4. In the fire gelatin softens, swells up,
evolves vapours smelling of burnt feathers, and burns with slight
flame.

5. Aqueous glutin mixed with a little potash-ley absorbs ozonized

air passed into it, acquires a transient violet-red colour, and when
afterwards neutralised with sulphuric acid and evaporated, leaves,
besides sulphate of potash, a brown amorphous extract, which burns
with the odour of horn, is precipitated in amorphous yellow flocks by
alcohol, and contains neither glutin, chondrin, nor albuminates (Gorup-
Besanez, Ann. Pharm. 125, 220.) In the absence of potash gelatin is not
attacked by ozone (Gorup-Besanez, Ann. Pharm. 110, 102). Contrary to Schonbein's

statement (Ann. Pharm. 89,294).

6. When 2 parts of gelatin are heated in a retort with 8 parts of

bichromate ofpotash, 15 parts of oil of vitriol, and 50 parts of water, till

the mixture begins to froth, an acid turbid distillate is obtained, con-

taining hydrocyanic, formic, acetic, valerianic, and benzoic acids,
valeronitrile (xi, 121) and valeracetonitrile (xi, 123), and, lastly, a thick

colourless oil, smelling of cinnamon (Schlieper, Ann. Pharm. 59, 1).

Guckelberger (Ann. Pharm. 64, 39) obtained the same products as from
casein (p. 311), but gelatin yielded a relatively large quantity of formic

and valerianic acids and but little oil of bitter almonds. Frohde

(J. pr. Chem. 79, 303 ; 80, 344 ; Kopp's Jahresber. I860, 568) obtained

also acetonitrile and propionitrile : the oil smelling of cinnamon, when
exposed to the air or boiled with potash was converted into Frohde's

collinic acid, C 12H4 4
. The production of hydrocyanic acid was pre-

viously observed by Persoz (Compt. rend. 13, 141
; J. pr. Chem. 26,

53). Gelatin behaves like casein also when oxidised with binoxide of

manganese and sulphuric acid, except that little or no propionic aldehyde
is formed (Guckelberger).

7. Chlorine gas, passed into a solution of gelatin in water, preci-

pitates it completely in white, flexible, tough threads, which evolve
2 A 2
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chlorine when heated or when treated with oil of vitriol, and dissolve

in alkalis with formation of metallic chlorides, and in hot nitric or

acetic acid, from which they are deposited on cooling, but are insoluble

in boiling water and alcohol (Thenard, Mem. d'Arcueil, 2, 38). When
chlorine is passed into a solution of gelatin, the gas-bubbles become
covered with a white froth, which collects in flocks on the surface of

the liquid : the liquid, which appears milky at first, afterwards deposits
a semi-transparent jelly, and then contains hydrochloric acid. a. The

precipitated jelly contains 80*3 p. c. of gelatin and 19*7 p. c. CIO3
.

b. The floating flocks are white and tough, and contain, in the moist

state, 75 p. c. of gelatin and 25 p. c. CIO3
. They give off a large

quantity of chlorous acid at ordinary temperatures and turn brown
at 100. When dried, first at 30 to 40 and then at 100, they are

converted into a white, inodorous, friable mass of constant composition
(see below), insoluble in water and alcohol. Their solution in ammonia
evolves nitrogen, and when evaporated leaves sal-ammoniac and g'elatin,

the latter still having the composition and properties of the gelatin

originally employed (Mulder, Bullet, en Neerlande, 1839, 153 ; Berzel.

Jahresber. 19, 729).

Mulder (C = 75 "54).

C 46-66 46-25
N 15-59
H 5-90 5-81

23-37
CIO3

. 8-48 8-47

From fish-gelatin, whether boiled with water for 55 or for 100

hours, Mulder & van Goudoever obtained, by treating it with chlorine,
a compound containing, at 110, 43-16 p.c. C., 5-65 H., and 13'23 CIO3

.

See also Mulder (Ann. Pharm. 46, 205 ;
Berzel. Jahresber. 24, 711).

8. When 1 part of gelatin in powder is mixed with 2 parts of oil of
vitriol, the mixture remains uncoloured for 24 hours : on now adding
8 parts of water and boiling for 5 hours, the water evaporated being
replaced, glycogen, leucine, a body poor in nitrogen, and precipitable by
tannic acid, and an ammonia-salt are formed (Braconnot). Fish-gelatin,
boiled for some days with dilute sulphuric acid, yields sulphate of

ammonia and fermentable sugar (Gerhardt, Traite, 4, 509). 8. Fum-
ing nitric acid dissolves gelatin, with evolution of nitrogen, a little

nitric oxide, and carbonic acid, and formation of oxalic and malic acids

and fat (Scheele). Very weak nitric acid dissolves gelatin without
evolution of nitric oxide, forming a yellow liquid which explodes when
evaporated (Hatschett). Gelatin heated with an equal weight of water
and one-fifth of nitric acid till it effervesces, and then cooled, forms
Dumoulin's fluid gelatin (Compt. rend. 35, 444: J. pr. Chem. 58, 59).
Gelatin is not decomposed by boiling with aqueous iodic acid (Millon).

9. Other acids act like nitric acid in depriving gelatin of its pro-

perty of gelatinising on cooling, a. Strong acetic acid dissolves

gelatin softened in water, and destroys its property of gelatinising, but
not its agglutinating power on drying. b. When gelatin is allowed
to swell in cold aqueous oxalic acid, and cautiously warmed till the
mass remains fluid on cooling, then shaken with carbonate of lime to
remove oxalic acid, and filtered, a neutral tasteless solution is obtained
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which does not readily undergo putrefaction. It forms Carey Lea's
metagelatin.

10. Gelatin boiled with potash-ley yields a large quantity of gly-cme and less leucine (Mulder, J. pr. Chem. 16, 290). Heated with
potassium or sodium, it oxidises slowly and carbonises without evolution
of light (Gay-Lussac & Thenard).

11. A piece of gelatin placed in acid mercuric nitrate gradually
turns red and dissolves to a fine red liquid, which becomes darker when
boiled, and is turned dirty-yellow by chlorate of potash. Mercurous
nitrate dissolves gelatin with yellow colour on boiling. Metagelatin
behaves in a similar manner (Carey Lea, Sill. Amer. J. [2] 40, 81 ; J.

pr. Chem. 97, 58), Nickles (J. Pharm. [4] 3, 152) believes the red colour to be
due to adhering albumin. See p. 262.

Combinations. Gelatin prepared from the skins of old animals
swells up in water to a soft, sticky, translucent mass, without dissolv-

ing to any great extent : that prepared from the skins of younger
animals, or from feet, sinews, or isinglass, dissolves partially or entirely
in a larger quantity of cold water. With warm water it rapidly forms
a perfect solution, which solidifies to a transparent jelly on cooling,
provided it contains at least y^^th of gelatin. The solidification of

very dilute solutions of gelatin is prevented by vigorous and prolonged
shaking, the cold solution then forming a syrup (Kiihne). Isinglass
gelatin retains its solubility in hot water after boiling with alcohol and
drying at 125 : gelatin from stag's horn is not soluble after being
thus treated (Mulder).

Hydrochloric, acetic, and other dilute acids dissolve gelatin without

decomposition (Hatschett), and produce no precipitate in its aqueous
solution (J. Muller). When added in very small quantity to water,
they effect the dissolution of gelatin, even in the cold (Ktihne). Solu-
tions of gelatin are precipitated by hydriodic acid, but not by iodine or
iodic acid (Vauquelin).

Gelatin purified by Graham's process of dialysis, combines with
colloid acids, and was hence termed by Graham a colloid base. Thus,
on dropping metasphosphoric acid into aqueous gelatin, a semitranspa-
rent, soft, elastic mass is thrown down, resembling fibrin, and con-

taining 3*6 parts of acid to 100 of gelatin (Graham).
Graham's colloid silica throws down from excess of aqueous gelatin

white flocks which are not decomposed by washing do not putrefy,
and contain 100 parts of silica to about 92 parts of gelatin. On adding
gelatin-solution to excess of silica, a compound of 100 parts of silica

with 56 parts of gelatin is obtained (Graham, Chem. Soc. J. xv, 246 ;

Ann. Pharm. 121, 40).
Hot aqueous potash and soda dissolve gelatin, without evolution of

ammonia, forming a brown liquid not precipitable by acids (Hatschett).
caustic lime and phosphate of lime dissolve in aqueous gelatin (Vauquelin,
J. Phys. 85, 127).

Gelatin is not precipitated by alum, or by a mixture of alum and
salt (J. Muller). Alum containing alkali throws down a compound of

gelatin with basic Sulphate of alumina. Chloride of zirconium likewise

precipitates gelatin (Berzelius). .

Gelatin forms with aqueous chromic acid a dark-yellow coagulum,
which dissolves on heating (Hiinefeld, J. pr. Chem. 9, 30). Solution of
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gelatin mixed with chromate of potash is converted into an insoluble

yellow mass by exposure to light.

Aqueous gelatin forms with protochloride of tin large brown flocks

(Gnieliii), and yields ammonia when digested with bichloride of tin

(Schenk & Chapman, Laboratory i, 152 ; Chem. Centr. 1868, 311). It

does not precipitate neutral acetate of lead (J. Miiller), but produces a

turbidity in the basic acetate, and after some hours solidifies with it in

a white mass (Gmelin). According to Heintz (Zoochemie, 747), it is not pre-

cipitated by basic acetate of lead.

Solution of gelatin does not precipitate ferric sulphate ; common glue

produces therewith, after standing for some time, a precipitate which
dissolves on warming (J. Miiller). Strong solution of isinglass forms
with ferric sulphate a jelly, which dissolves when moderately heated,
and deposits reddish-yellow flocks on boiling. These flocks contain, at

120, 44-65 to 48-51 p. c. ferric oxide, and 11-96 to 11-85 SO3
(Mulder).

Gelatin mixed with potash-ley dissolves cnpric hydrate with violet

colour (Lassaigne, J. Chim. med. 18, 260). When mixed with cupric

sulphate, it forms a clear green liquid, which is turned violet by caustic

potash, and from which the copper cannot be precipitated, or only in

combination with organic substance (Mitscherlich, Pogg. 40, 129).
The alkaline solution turns pale-red when boiled, without depositing

cuprous oxide (Hoppe-Seyler). See p. 262.

According to John, Orfila, and others, aqueous gelatin precipitates
mercuric chloride in white curdy flocks, which, according to J. F. Simon,
Pogg. 40, 311) are soluble in excess of gelatin, and, according to Orfila,

dissolve on heating. The precipitate is tenacious, and not susceptible
of filtration (Kiihne).

Solution of gelatin precipitates terchloride of gold when not too

dilute (Bostock) ; according to Ed. Davy (Schw. 31, 350) and J. Miiller

it produces a brown tenacious precipitate with platinic sulphate, and,

according to Gmelin and J. Miiller, yellowish-white flocks with platinic

chloride, after which complete coagulation ensues. It precipitates
chloride of indium (Ohevreul). Acidified bone-gelatin produces with

platino-cyanide ofpotassium a thick precipitate, which deliquesces to a
viscid liquid, puffs up like sulphocyanate of mercury when burnt, and
leaves charcoal (Sehwarzenbach, Ann. Pharm. 133, 193).

Gelatin is insoluble in alcohol, ether, volatile oils and fat oils, and is

precipitated from its aqueous solution by alcohol. Gelatin from isinglass
dissolves more easily than ordinary gelatin in weak spirit (J. Miiller).

Aqueous gelatin is precipitated by carbolic acid (Graham) ; by
havnatoxylin (xvi, 292), especially in presence of an acid (Chevreul); by
a mixture of gallic acid and gum (Pelletier). Its solutions are not pre-

cipitated by gum arabic or arabate of potash, but arabic acid purified

by Graham's process of dialysis precipitates gelatin similarly purified,
in oily drops which solidify to a nearly colourless jelly on standing,
and liquefy again at 25. The jelly may be washed without decompo-
sition, but dissolves slightly in pure water, and more freely in solution
of gelatin. It contains 83-5 p. c. of water, and, when prepared with
excess of arabic acid, 100 parts of arabic acid to 59 parts of gelatin
(Graham, Chem. Soc. J., 15, 258; Ann. Pharm. 121, 56).

Tannic acid produces, with gelatin, a white opaque precipitate,
which, when the gelatin is in excess, dissolves on warming, but when
the tannic acid predominates, does not dissolve, but forms a grey very
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elastic pellicle. In both cases the filtrate is turned blue by ferric salts

(Pelouze, J. Chim. med. 10, 261). The brown, tough, flexible sub-
stance formed with taimic acid and gelatin is not susceptible of putre-
faction; it is soluble in alkalis, and is decomposed by magnesia and by
oxide of lead, which take up the tannic acid, so that the gelatin becomes
soluble in water (Davy ; Loper).

According to Mulder, gelatin forms two compounds with rjtiercitanmc
acid. a. When gelatin is added to excess of the acid, 100 parts of

gelatin require 134 to 135-6 parts of acid, the precipitate containing
52-34 p. c. C., 3-83 II., and 7-84 N. b. When, on the other hand, the
acid is added to excess of gelatin, the precipitate consists of 100 parts
of gelatin to 85-2 parts of acid, and contains 51-93 p.c. C., 5-06 II., and
9-63 N. (Mulder).

Chondrin,

J. MiiLLER. Pogg. Ann. 38, 295 j Ann. Pharm. 21, 277 ; J. pr. Chem.

10, 488.

J. G. MULDER. Natur. a. Scheik. Arch. 1837, 3, 480; Berzel. Jahresb.

19, 722; Pogg. 44, 440
; J. pr. Chem. 15, 190. Scheikund.

Underzoek. 1, 68; Berzel. Jahresb. 23, 687.
VOGEL. Jun. J. pr. Chem. 21, 426 ; Berzel. Jahresb. 21, 542.
J. SCHERER. Ann. Pharm. 40, 49 ;

Berzel. Jahresb. 22, 568.
G. I). SCHRODER. Ann. Pharm. 45, 52 ; Berzel. Jahresb. 23, 688.
F. HOPPE. J.pr. Chem. 56, 129 ; Kopp's Jahresb. 1853, 6i)5.

Cartilage-gelatin. Knorpelleim. First distinguished by J. Miiller.

Formed from the permanent cartilages, the bone-cartilages before ossi-

fication, and the cornea of the eye, by prolonged boiling with water

(Handbuch viii, 451 ; Lehmann's Physiological Chemistry, i, 398).

Conversion of Chondrin into Glutin. Vogel, and, after him, Fried-
leben (Zeitschr. fur wissensch. Zoologie von Siebold. u. Kolliker, 10, 29;
Jahresb. 1859, 623), observed that hyaline cartilages, after several

days' maceration in dilute hydrochloric acid and washing, dissolve

when boiled with water for an hour or two, forming a solution which

exhibits, not the reactions of chondrin, but, according to Friedleben,
those of glutiu. M. Willens, however {Zeitschr. f. wissensch. Zoologie
10, 467

; Jahresb. 1860, 392), observed that no conversion of chondrin
into glutin takes place under these circumstances. Friedleben's solu-

tion does not, indeed, exhibit the reactions of chondrin; neither,

however, does it exhibit those of glutin, inasmuch as it does not pre-

cipitate infusion of galls, but gives a cloud with neutral acetate of

lead, and precipitates the basic acetate. C. Trommer ( Virchow's Arch.

19, 554
; Jahresb. 1860, 503) obtained with cartilage which had been

treated with dilute acid, the reactions of glutin ;
but after all the acid

had been removed by means of ammonia, the solution exhibited the

reactions of chondrin. The supposition that chondrin is converted into

glutin is, therefore, inadmissible : neither does any such conversion

take place during ossification, but the chondrogenous cartilage is re-

placed in that process by the osteoidal connecting substance. See also

C. Bruch (Handbuch, viii, 457). The same result was obtained by
M. Schultze (J. pr. Chem. 83, 162). Preliminary treatment of the

cartilage with potash-ley at 45 50 altered the reactions of the
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chondrin, but did not bring them into accordance with those of glutin ;

in particular, the chondrin of these cartilages was not precipitable by
mercuric chloride, although it gave the reactions of glutin with tannic

acid, acetic acid, oxalic acid, and alum. By previous treatment of the

cartilage with acid, the chondrin lost its capability of being precipi-
tated by acetic acid, oxalic acid, alum, ferrous sulphate, ferric sulphate,
and cupric sulphate, but, at the same time, it became unprecipitable

by mercuric chloride, and only partially precipitable by tannic acid.

For the rest, the reactions of chondrin, as described by M. Schultze,
do not agree with those given by J. Muller.

The hyaline cartilage of growing stag's horn yields glutin by six

hours' boiling, and if the undissolved portion be further boiled for 20

hours, the solution will contain both glutin and chondrin. Young stag's

horn, which had already passed into the stage of ossification, yielded

only glutin. Hence it appears that in the process of ossification, the

chondrogenous tissue is replaced by a colligenous tissue, although even

the full-grown anthers generally contain remains of unmetamorphosed
cartilage (Lieberkiihn, Muller 's Archiv. 1862, 702). See also Hoppe
(Virch. Archiv. 5, 171).

Preparation of Chondrin. Rib-cartilage is boiled with water for

half an hour, whereby the enveloping membrane is partly loosened

and rolled up, and partly rendered removable with the knife ; the

cartilages thus purified are comminuted, macerated for several hours

in cold water, and boiled for an hour with a sufficient quantity of water
under a pressure of two or three atmospheres, whereby the cartilage
is for the most part dissolved. The liquid filtered at the boiling heat

is evaporated, and the residue, after washing by decantation with cold

water, is dried, pulverised, and boiled with alcohol. Chondrin thus

prepared contains, on the average, 6*4 p. c. ash (Hoppe).
To obtain chondrin free from ash, which, however, is very difficult

to dissolve in boiling water, the above hot-filtered liquid is precipitated
with acetic acid, and the precipitate is washed, dried, and boiled with

alcohol.

Yogel boils rib-cartilage with water for 48 hours ; Mitscherlich

boils it for 24 hours and precipitates with alcohol, whereby the chondrin

is obtained as a white tenacious mass.

Properties, Hard and very brittle mass, nearly colourless, trans-

parent, light-brown in thickish layers. Very hygroscopic ; gives off

the last portion of its water very slowly at 120 (Hoppe) ; after drying
at 100, it still gives off 2-33 p. c. water at 100 (Schroder).

Lsevorotatory. For a solution mixed with a little caustic soda and

containing not quite -^ p. c., [a] j
= 213*5 ; dilution with an equal

quantity of water increases the molecular rotation to 281 (J. de Bary,

Tubinger medic, chem. Untersuch. 1, 71).

Mulder.
at 130.
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According to Mulder (Physiol. Chem. 340) it is 10C32N4II20 U + S.

Mulder's chondrin contained 0*38 p. c. sulphur. Verdeil (Ann.
Pharm. 58, 320) estimated the amount of sulphur in cartilage, aft3r

deduction of that which is present as sulphuric acid, at 0-654 p. c. ;

but on the conversion of the cartilage into chondrin, a large quantity
of sulphuretted hydrogen was evolved. In chondrin, M. Wilkens

(Zeitschr. fur wissenschaftliche Zoologie von Siebold u. Kolliker 10, 467,
Jahresb. I860, 592) found, on the average, 0-518 p. c. sulphur.
Scherer analysed, not ready-formed chondrin, but (a) purified rib-

cartilage, and (b) cornea. The ash is deducted in every case.

Decompositions. 1. By prolonged boiling with water, chondrin
loses the power of forming a jelly on cooling, and then becomes
soluble even in cold water, the solution exhibiting the reactions of

unaltered chondrin. Still longer boiling produces flocks which dissolve

in alkalis, but not in water, alcohol, or ether (Hoppe). 2. By oxida-

tion with chromic acid it yields hydrocyanic, but no formic or acetic

acid (Hoppe). 3. Chondrin suspended in its own volume of oil of
vitriol dissolves after some days to a slimy black liquid, which, when
diluted and boiled, deposits carbon and yields a brown viscid extract,
soluble in alcohol, together with leucine ; glycine is not produced

(Hoppe). R. Otto (Zeitschr. f. Chem. [2], iv, 630) likewise obtained no

glycine.. 4. Chlorine gas passed into aqueous chondrin forms a white

precipitate, becoming sea-green and hard when dry, and containing, at

100, 45-48 p. c. C., 6-09 H., 13-71 N., 7-21 01., and 26'88 0., therefore

C32N4H26 14C1
;
when treated with alkalis, it yields unaltered chondrin

(Schroder). 5. When rib-cartilage, purified with dilute hydrochloric
acid, is boiled with fuming hydrochloric acid, fermentable sugar is

formed (G. Fischer & Boedeker, Ann. Pharm. 117, 111). See also Schiff

(Ann. Pharm. 119, 256). The sugar prepared from chondrin is laevorota-

tory, and differs both from dextrogluose and from leevoglucose (De

Bary). Boedeker (Schmidt's Jahrb. d. Oes. Medic. 90, 150) formerly described

this sugar as chondro'itic acid 6. Chondrin fused with 2 pts. potash-

hydrate produces a large quantity of oxalic acid, a small quantity of

leucine, and a non-volatile organic acid, which forms a crystalline
lime-salt. Concentrated aqueous alkali dissolves chondrin, with violent

evolution of ammonia, which soon slackens when the liquid is boiled,

but does not cease entirely till some time after ; the solution yields a

syrupy extract, together with glycine. Dilute aqueous alkalis prevent
the formation of the chondrin-jelly, and gradually decompose it, with

evolution of ammonia, without forming glutin (Hoppe). Glycine is

not formed by boiling chondrin with baryta-hydrate (R. Otto).

Combinations. Dried chondrin swells up in cold water to between 11

and 12 times its volume, forming an opaque mass; in boiling water it

dissolves more slowly than glutin, and the solution solidifies to a jelly

on cooling (Hoppe). Chondrin recently precipitated by alcohol dis-

solves in cold water (Mitscherlich).

From aqueous chondrin acetic acid and most other acids throw

down precipitates ; that formed by acetic acid is not soluble in excess

(J. Muller ; Yogel).

Carbonic acid, passed into aqueous chondrin, produces at first
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transient, then permanent flocks, which dissolve in ammonia, but not

in hydrochloric acid ;
all the chondriu is ultimately precipitated. The

precipitate deliquesces, when heated or left on the filter, to a viscid

liquid which reacts like dissolved chondrin. It gives off carbonic

acid when treated with hydrochloric acid, and is, therefore, probably
a loose combination of carbonic acid and chondriu (Yog-el).

Phosphorous acid and phosphoric acid throw down from solution of

chondrin a precipitate soluble in excess of the acid; pyropliosphoric
acid also precipitates chondrin, but does not redissolve it. The pre-

cipitate formed by a very small quantity of sulphuric acid dissolves in

the smallest excess (Vogel). Warm aqueous chondrin becomes milky
when sulphurous acid is passed through it, and deposits chondrin as a

glutinous precipitate ; by prolonged action of the acid decomposition
takes place, attended with the formation of ammoniacal salts (Hoppe).

Hydrochloric, hydriodic, and nitric acid precipitate and redissolve

chondrin (Vogel). Nitrous acid precipitates a solution of chondrin,
and afterwards forms xanthoproteic acid (Hoppe). Arsenic acid pre-

cipitates but does not redissolve it (Vogel).

The precipitate formed in a chondrin solution by acetic acid is fine-

grained, insoluble even in a large excess of acetic acid, but soluble in

carbonate of potash, also in a large quantity of common salt, acetate of

potash, or acetate of soda (Muller). The precipitate is free from acetic

acid ;
and consists of microscopic transparent spherules, which melt

when the liquid is boiled, adhere in the form of jelly to the sides of

the vessel, and may then be separated from the liquid (Hoppe).
Oxalic, lactic, tartaric, and other organic acids react like acetic acid

(Vogel ; Hoppe).

Alum and sulphate of alumina precipitate aqueous chondrin com-

pletely in dense white flocks, which easily cake together, are insoluble

in hot water, but dissolve in excess of the precipitant, also in a large

quantity of common salt or of an alkaline acetate (J. Muller).
Neutral acetate of lead forms a precipitate insoluble in excess

(Muller).

The precipitate formed by ferric salphate is insoluble in excess of

the precipitant, but dissolves when the liquid is heated. It contains
at 120, 6-81 to 8-10 p. c.-Fe'O3

,
5*48 SO3

,
87-07 chondrin (Mulder).

From excess of aqueous cupric sulphate, chondrin throws down a

precipitate which disappears on agitation ;
the green precipitate formed

on dropping cupric sulphate into aqueous chondrin dissolves at first on

agitation, and does not become permanent till a larger quantity of

cupric sulphate is added. It is then soluble in hydrochloric, but not
in acetic acid. Both the solution and the precipitate exhibit towards

reagents a behaviour different from that of cupric solutions in general,
so that the copper cannot be detected till the organic substance has
been destroyed (Mitscherlich, Pogg. 40, 129).

Aqueous chondrin is precipitated by mercuric chloride and infusion

of galls, but not by silver nitrate. The hydrochloric acid solution is

not precipitated by ferricyanide of potassium (Muller). Quercitannie
acid produces a precipitate not separable by filtration (Mulder).
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Chondrin is precipitated by alcohol in dense white threads

(Mulder).

Fibroin.

ROARD. Ann. Chim. 65, 44.

MULDER. Pogg. 37, 594; 39, 498 ; 40, 289.
STADELER. Ann. Pharm. Ill, 12

; J. pr. Chem. 78, 169 ; Chem. Centr.

1859, 705
; N. J. Pharm. 36, 229

; Eepert. Chim. pure. 1, 569 ;

Jahresber. 1859, 598.

A. VOGEL, jun. N. Eepert. 8, 1 ; Chem. Centr. 1859, 527 ; Jahresber.

1859, 598.
E. CRAMER. Unters. der Seide u. des thierischen Schleims, Zurich, 1863 ;

J. pr. Chem. 96, 76; Chem. Centr. 1866, 1; Jahresber. 1864, 628;
1865, 653. Zuricher Vierteljahrschrift, 9.

BOLLEY. J. pr. Chem. 108, 364.

Seidenstojf. Seidenfaserstoff. Seidenfibmn. Sericin (Schlossberger).

Occurrence. In silk. White raw silk contains fibroin, gelatin, a
small quantity of wax, and volatile oil; yellow silk also contains

colouring matter (Roard). Mulder thought that he had found albumin,
to the amount of 24 to 25 p. c., a statement which was called in

question by Stiideler and refuted by Cramer. When fresh silk-cocoons
are cut up, the still living larvae removed, and the remaining substance

digested with water at 40 50, a liquid is obtained containing silk-

gelatin, but no albumin, inasmuch as it does not coagulate on boiling,
even after addition of acetic acid, and is not precipitated by ferrocy-
anide of potassium (Cramer).

The juice contained in the sacs of the silk-worm, which is exuded

by the animal in spinning, and hardens in contact with the air, is,

according to Bolley, soft fibrin, which as it is spun, is converted on the
surface into silk-gelatin. If the sacs preserved in alcoholic acetic acid
be deprived of their easily separable skin, and the hard elastic contents
be boiled for twelve hours with acetic acid, 8^14 p. c. is dissolved, and

by boiling with water for 20 hours, 1/71 p. c. The undissolved residue
exhibits the properties of fibroin (Bolley, Zuricher, Mittheil. ; J. pr.
Chem. 93, 347).

Fresh silk-substance is amber- to gold-yellow, transparent, tough ;

dissolves in water to a neutral gold-yellow liquid which froths up, but
does not coagulate on boiling ; solidifies to a tremulous jelly on stand-

ing, and does not become quite clear again when boiled. The solution

is ropy while hot, and on addition of a drop of acid, deposits a floccu-

lent coagulum which does not dissolve in a larger quantity of acid ;

if mixed at once with a considerable quantity of acid, it remains clear,
but solidifies to a jelly after some hours. The solution assumes a dirty
violet colour when boiled with strong hydrochloric acid, is not altered

by soda-ley, and after boiling therewith, does not give off sulphuretted

bydrogen on addition of hydrochloric acid ; it is not precipitated by
mercuric chloride, nitrate of silver, or ferrocyanide of potassium ;

acetate of lead and cupric sulphate produce a jelly ; tannic acid throws
down tenacious flocks (Ludwig, N. Br. Arch. 54, 142 ; Ann. Pharm.

68, 366 ;
Jahresb. 1847-48, 936).
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The constituents of the silk of the Chinese oak-spinner, the Jama-

may silk of commerce, are the same as those of the silk of Bombyx
mori (Bolley).

The cocoon of indigenous Bombyx caterpillars exhibits the same
characters as silk (Schlossberger). Gossamer threads contain 15-25 p. c.

fibroin, also albumin (see above), jelly, ceriu and solid fat (Mulder, Pogg.
Ann. 39, 408). Spider-threads react like fibroin (Schlossberger, Ann.
Pharm. 110, 245).

Preparation. 1. Raw silk is boiled with strong acetic acid, and the

undissolved portion is washed till it no longer exhibits an acid reaction

(Mulder). 2. Yellow raw silk is boiled in a Fapiu's digester for two
or three hours six times in succession with water at 133 ; the extracts

containing the silk-gelatin are removed ;
and the residue is freed from

colouring matter by treatment with strong alcohol, and from small

quantities of fat by ether. Silk thus treated yields 66 p. c. fibroin

(Cramer). 3. Yellow raw silk is immersed in cold soda-ley of 5 p. c. ;

the solution is expressed after 18 hours; the silk, which has become

colourless, is washed first with pure water, then with water containing

hydrochloric acid (1 pt. of fuming acid to 20 pts. water), and finally

again with pure water ; and the residue, amounting to 42 50 p. c. is

dried (Stadeler).

Properties. Colourless. Resembles cleansed silk, even when viewed
under the microscope, but is easily torn, and according to Stadeler,

easily rubbed to a soft powder. Heavier than water.

30 C
5 N

23 H
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air
; from the solution alcohol throws down a white precipitate, which

does not form a jelly with water (Cramer). 3. Dissolves in nitric acid
all but a few flocks, and forms oxalic acid when heated (Mulder). From
the nitric acid solution, ammonia throws down a yellow body having
the composition C4SN6H 38 9

(A. Vogel). 4. Warm phosphoric acid
dissolves fibroin with brown colour

; cold strong hydrochloric acid dis-

solves it quickly, forming a colourless liquid which assumes a brown
colour when heated (Mulder), a fine violet (Cramer). 5. It dissolves
in cold oil of vitriol to a thick light brown liquid which, when heated
turns red, carbonises, and gives off sulphurous acid. From the sul-

phuric acid solution, which is miscible with water without precipitation,
potash-ley throws down flocks soluble in excess of potash, and infusion
of galls forms a copious white precipitate. When fibroin is boiled
with a mixture of 1 vol. oil of vitriol and 4 vol. water, it dissolves

easily, and forms (in 8 to 10 hours) tyrosine, amounting to 5 8 p. c. of
the fibroin (Stadeler), and leucine (Hinterberger & Waltenberger, Wien.
Acad. Ber. 11, 450); also traces of ammonia, sugar recognisable by
an alkaline solution of cupric oxide, and, especially on long boiling,

glycine (Stadeler; Cramer). 6. Heated for some time with strong
acetic acid, it gives up to the acid about 6 p. c. of its weight, and on

evaporation there remains a brown amorphous extract, only partly
soluble in water ; the portion insoluble in acetic acid exhibits the com-

position of unaltered fibroin (Cramer). Pulverised fibroin dissolves

completely when boiled for several hours (Stadeler) ; unpulverised
fibroin dissolves at 170 (Cramer). From the acetic acid solution,
ammonia throws down a small quantity of a bulky precipitate.

The substance which passes into solution when silk, previously exhausted with

water, alcohol, and ether, is boiled with strong acetic acid, is Mulder's silk albumin,
which, moreover, remains undissolved when silk is boiled with water and alcohol,
the liquid evaporated, and the residue exhausted with boiling water and alcohol. It

is friable, heavier than water, burns with flame, and a smell of horn, leaving 11 p. c.

ash, after deduction of which it contains 53'01 p. c. C., 15'23 N., 7'27 H., and
24'49 O. It dissolves in warm hydrochloric acid, also in acetic acid, forming a

liquid which gives a green precipitate with ferrocyanide of potassium ; also in

aqueous ammonia, potash, and soda, and is precipitated therefrom by acids

(Mulder).

7. Fibroin heated with lumps of potash-hydrate forms oxalic acid

(Mulder).

Combinations. Fibroin, over which dry hydrochloric acid gas and
afterwards air is passed, at 14, increases in weight by 7'46 p. c., but

easily gives up the hydrochloric acid again (Mulder). Fibroin does

not dissolve in aqueous ammonia, or in dilute potash or carbonate of

potash ; the solution obtained with cold concentrated or dilute boiling

potash-ley is precipitated by water and by acids, the fibroin then

separating in threads (Mulder), in bulky flocks (Cramer).
Silk dissolves quickly in warm aqueous chloride of zinc, slowly in

the cold dilute solution, forming a glutinous syrup, from which water
throws down a precipitate soluble in excess of ammonia. The solution

diluted with aqueous hydrochloric acid loses in Graham's dialyser the

whole of its zinc chloride, and leaves a clear tasteless solution, which

dries up to a golden-yellow varnish. The concentrated solution

changes in the dialyser into an insipid paste, not free from zinc, which

dries up to a brittle glass, reddens when heated, and decomposes with
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the odour of burnt silk. It swells up with potash-ley, is not liquefied

by sulphuric acid, dissolves in acetic acid while moist, but not after

drying (J. Persoz, Compt. rend. 55, 810; Chem. Centr. 1863, 165).
Stannic chloride does not colour silk (Maumene, Compt. rend. 30,

447; Jahresb. 1850, 691).
In aqueous niccolate of ammonia (Schlossberger) and in aqueous

cuprate of ammonia (Schweizer), both raw silk, and silk which has been
well cleansed by boiling, swell up quickly and strongly, and soon
dissolve. The nickel- solution is yellow-brown, the copper- solution

bluish-violet ;
neither of these solutions is precipitated by alkaline salts,

sugar, or gum ; acids throw down colourless flocks which dissolve in

excess of the acid ; sal-ammoniac colours the nickel-solution bluish-

violet. Solutions of the two oxides in carbonate of ammonia do not
dissolve silk (Schlossberger, Ann. Pharm. 107, 26; 108, 62); see also

Ozanam (Compt. rend. 55, 883).
Silk wetted with solution of cupric nitrate, and then with soda-ley,

acquires a violet colour, and dissolves, together with cupric oxide,

forming a blue, or with excess of silk, a violet, crimson, or blood-red
solution (Vogel & Reischauer, N. Repert. 8, 529 ; Chem. Centr. 1860,
301 ; Jahresber. 1860, 566).

Silk immersed in solution of picric acid acquires a pure yellow
colour (Pohl, Wien. Acad. Ber. 9, 386; Jahresber. 1852, 825). Fibroin

is insoluble in alcohol and in ether.

Appendix to Fibroin.

Silk-gelatin.

Mulder's Silk jelly. Seidengallerte.

Raw silk is boiled with water for three hours
; the expressed liquid

is precipitated with basic lead acetate ; the washed precipitate decom-

posed under hot water with sulphuretted hydrogen ;
and the concen-

trated filtrate is mixed with a little alcohol, whereby a certain portion
of the gelatin, together with suspended lead sulphide and the greater
part of the salts, iu precipitated. From the colourless filtrate the

gelatin is thrown down by a larger quantity of alcohol, and purified by
boiling with alcohol and ether (Cramer). Mulder's silk-jelly is obtained

by boiling the silk with water, evaporating, exhausting the residue
with alcohol and ether, dissolving in warm water, filtering, and

evaporating. Bolley leaves Jama-may silk immersed for 24 hours in

cold hydrochloric acid ; washes away the acid, and with it the mineral

constituents ;
boils for a long time with water ; concentrates ; mixes the

cooled filtrate with a little alcohol
;
boils ; and filters hot. By adding

more alcohol to the filtrate, the silk-gelatin is precipitated in flocks.

White, scentless, and tasteless powder, or transparent gelatinous
mass.
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After deduction of T25 p. c. ash, it still contained traces of sulphur. Mulder's
analysis, made with substance containing 2 to 5'2 jisli, yielded i L'G to 48'5 p. c. C.,
16-1 and 18-9 N.

Silk-gelatin, when heated, softens, swells up, emits an odour of burn-

ing horn, and leaves charcoal together with ash (Cramer). The solu-

tions in oil of vitriol and in phosphoric acid carbonize when heated; that
in nitric acid gives off nitrous gas, and forms oxalic acid (Mulder).
When silk-gelatin is continuously boiled with dilute sulphuric acid,

tyrosine (amounting to 5 p. c. of the gelatin) leucine, and seriiie are
formed (Cramer).

Mulder thoiaght that he had obtained sugar, but appears to have mistaken the

sweet-tasting serine for that substance.

From the aqueous solution of silk-gelatin, chlorine-water throws
down flocks which redden on exposure to the air, and dissolve in

alcohol (Roard) Iodine does not alter the solution (Mulder).
Swells up when water is poured upon it, and dissolves in hot water

more easily than common gelatin. Solutions containing 6 p. c. coagu-
late on cooling to a solid jelly, which is liquefied again by acetic acid,

potash, or soda.

The aqueous solution is not altered by dilute acids, or by aqueous
alkalis ; it is precipitated by many metallic salts, especially by alum,
aluminic, ferrous, ferric, and plumbic sulphates, neutral lead acetate

(contrary to Mulder's statement), mercurous nitrate, silver nitrate, or

platinic chloride, most of these precipitates dissolving in excess of the

reagent, or when heated (Cramer). The solution mixed with acetic

acid is not precipitated by ferrocyanide or ferrocyanide of potassium

(Cramer) ; according to Mulder it forms with the ferrocyanide a pre-

cipitate of a fine green colour, soluble in water. Infusion of galls and
tannic acid throw down from the aqueous solution an abundance of

white flocks.

Silk-gelatin is insoluble in boiling alcohol of sp. gr. 0'829 (Roard).
Its aqueous solution is precipitated by alcohol and ether (Cramer). It

does not dissolve in volatile or infixed oils (Mulder).

The colouring matter ofyellow raw silk is red-brown, or in powder
greenish-yellow, resinous ;

it melts at 30, emitting a strong odour

arising from the volatile oil which it contains. It is converted by
chlorine into a solid white wax, blackened by oil of vitriol and strong

hydrochloric acid, and only slightly decolorised by sulphurous acid.

Its concentrated solutions are bleached in a few days by exposure to

light. It is insoluble in water, slightly soluble in cold, somewhat

more freely in hot aqueous ammonia, potash, and soda, more abundantly
in hot soap-water; soluble in 8 to 10 pts. of alcohol (Roard).

Mulder (Pong. 37, 610) exhausts silk successively with boiling

water and boiling absolute alcohol, evaporates the liquid, and cools it

repeatedly, whereupon cerin separates in flocks. The mother-liquor is

evaporated to dryness and treated with strong potash-ley, whereby fat

and resin are dissolved, while the colouring matter remains as a mass

of a fine red colour, soluble in alcohol, ether, volatile oils, and fixed

oils.
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Yellow raw silk is bleached, with decomposition of the colouring

matter, when exposed to sunshine for several hours or days in a

mixture of sulphurous acid gas and air or oxygen ;
in the dark the

colour disappears very slowly (Schonbein, J.pr. Chem. 89, 321).

The colouring matter of Jama-may silk dissolves in boiling alcohol

containing hydrochloric acid, with green colour, and separates in

green drops when the solution is concentrated, after precipitation with
ammonia and oxalic acid. These drops dissolve with blue-green colour

in ether, leaving a yellow residue, more of which may be obtained by
repeatedly evaporating the ethereal solution (Bolley).

Serine.

C6NH7 8 = C'AdlW.

CRAMER. See memoir cited under Fibroin (p. 363).

Amidoxypropionic acid, C4H3(NH2
,O

2
H),C2O2

,O
2H.

Formation. Together with leucine and tyrosin e, by boiling silk-

gelatin with sulphuric acid.

Preparation. Raw silk enclosed in a bag is evaporated till it softens,
and then boiled for a short time with water ; to obtain strong solutions,
the boiling is several times repeated with fresh quantities of water, or

the solution is concentrated. It is then boiled with ^ vol. oil of vitriol,

for 9 to 24 hours, the water being renewed as it evaporates, and the
solution is supersaturated with lime, filtered, exactly neutralised with
dilute sulphuric acid, and evaporated. Tyrosine and gypsum then

separate out, afterwards druses of serine, and finally leuciue. The
serine is dissolved in cold water, and filtered from undissolved tyrosine ;

the gypsum is removed by treatment with baryta-water and carbonate
of ammonia

;
the liquid left to crystallise ;

and the crystals, which are

mostly reddish, are decolorised by dropping a small quantity of basic
lead acetate into the solution, and treating the filtrate with hydro-
sulphuric acid.

Colourless, oblique rhombic crystals, frequently united in druses or in

crusts. Neutral. Has a faint sweet taste.

6C
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Dissolves in 24-2 pts. water at 20. More easily in hot water.
Unites with bases and with acid*, but does not neutralise the latter.

Sulphate of serine is crystalline.

Hydrochlorate of Serine, C6NH7 6
,HC1. Colourless, shining con-

centrically grouped needles. Easily soluble in water, sparingly in
alcohol. Gives off hydrochloric acid when evaporated.

Nitrate of Serine. Microscopic, very soluble needles, having the
composition C6NH7 8

,HO,N05
.

Aqueous serine dissolves carbonate of baryta on boiling, with evolu-
tion of carbonic acid, forming an alkaline liquid.

Serine with Citpric Oxide. By boiling serine with cupric oxide, a

deep blue solution is obtained, from which blue microscopic needles

separate. They do not lose weight over oil of vitriol.

6 C



370 PROTEIDES.

Analyses of Sponge.
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hydrosulplmric acid, and neutralising with potash-ley, it still gives a

precipitate with neutral lead acetate on addition of ammonia (Croocke-
wit).

Baryta-water dissolves sponge at the boiling heat, with transient

red, and afterwards yellow colour, and on treating this solution with
carbonic acid, removing the carbonate of baryta which contains a small

quantity of organic substance, precipitating (a) with neutral acetate
of lead, decomposing the precipitate with hydrosulphuric acid, and

filtering, the filtrate leaves on evaporation a brown residue, the aqueous
solution of which is precipitated by tincture of galls, but not by mer-
curic chloride or ferrocyanide of potassium. This residue is insoluble
in alcohol. b. When the liquid which runs off from the lead preci-

pitate is freed by sulphuric acid from lime and baryta, it leaves on

evaporation a brown deliquescent mass, to be further separated by
alcohol. c. The portion insoluble in alcohol yields, when digested
with litharge, a lead-compound, which, after evaporation, no longer
dissolves completely in water; it contains 17'50 p. c. lead oxide,
after deduction of which it yields on the average, 45'8 p. c. C., 14'8 N.,
6-3 H., and 33-1 0. d. The portion soluble in alcohol also yields a
soluble lead-salt containing 17*04 p. c. PbO., while its organic sub-

stance contains 46'2 p. c. 0., 5-8 N., 6-3 H., and 41-7 0. Its solution

is precipitated by tincture of galls, not by ferrocyanide of potassium or

acetate of lead (Posselt).

Chlorine gas passed through the dark brown solution of sponge,
obtained by digestion with potash and neutralised with hydrochloric
acid, decolorises it, and separates a viscid scum, which settles down in

the form of a white curdy mass ; this substance contains chlorine, and
has a golden-yellow colour when dry (Croockewit). When sponge,
after treatment with hydrochloric acid, but not with soda-ley, is

immersed for 20 to 30 hours in aqueous cuprate of ammonia, it shrinks

very much, and becomes easily friable, even the fibres being strongly
attacked (Stadeler ; Schlossberger, Krit. Zeitschr., I860. 426). With
soda-ley and cupric sulphate the substance of sponges behaves like

fibroin (Vogel &JReischauer). On its behaviour to red colouring matters,
see Bottger (J. pr. Chem. 91, 246).

Conchiolin.

FREMY. Compt. rend. 39, 1052 ; N. J. Pharm. 27, 5 ; /. pr. Chem. 64,
257 ; Pharm. Centr. 1855, 68 and 129 ; in full: N. Ann. Chim. Phys.

43, W-, Jahresb. 1854, 710.

SCHLOSSBERGER. Ann. Pharm. 98, 99; Chem. Centr. 1856, 487; J. pr.
Chem. 68, 162; Jahresb. 1856, 714. Krit. Zeitschr. I860, 424;
Jahresb. 1860, 570.

Occurrence. In certain mussel-shells. In the horny axis of Gorgo-
nia there occurs a similar substance, containing 49 -4 p. c. C., 16'8 N.,
6-3 H., and 27'5 0. (Fremy). Compare xv. 414.

Remains when mussel-shells are treated with hydrochloric acid, as

a shining felted residue, which is insoluble in water, alcohol, and

ether, does not yield gelatin when boiled with water, and is but very
2 B 2
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slowly dissolved by concentrated acids or alkalis. It contains 50-0 p. c.

C., 17-5 N., 5-9 II., and 26-6 0. ; when treated with hydrochloric acid,

in contact with the air, it does not exhibit a blue colour like the album i-

nates (Fremy).

The residue left on treating- oyster-shells with very dilute hydro-
chloric acid may be resolved, by levigation with a large quantity of

water, into two substances, one of which consists of thick brown

membranes, the other of white or grey flocks. These two substances

belong to different layers of the shell, the flocks to the innermost, or

mother-of-pearl layer, and to the chalk-layer interposed between the

lamellae of the shell ; the membranes to the brown hard scales of the

shell (Schlossberger).

The brown membranes, after washing and drying, are gTeyish-

yellow, nearly opaque, and exhibit, when examined by the microscope,
a brown amorphous ground-substance with numerous colourless spots,

mostly of regular rhombic form. These membranes do not dissolve in

over-heated water, boiling acetic acid, alcohol, or ether. In cold oil of

vitriol they swell up, become soft and transparent, dissolve with yellow
colour when heated, and afterwards carbonise. The only crystallisable

product obtained by boiling them with dilute sulphuric acid is leucine.

Nitric acid colours the membranes pure yellow when heated with them,
and dissolves them with brown colour at the boiling heat. Strong

potash-ley, boiled with the membranes or left in contact with them for

a week, colours them yellow-brown, and dissolves about 46 p. c. of

them, leaving the remainder externally unaltered ; the residue and

solution exhibit the following characters. a. The residue is a powder of

a somewhat paler brown than the original membranes, greyish-yellow
after drying, containing 50'7 p. c. C., 16 to 16'7 N., 6-5 H., no sulphur,

but stifl 1 p. c. of mineral substances. When heated, it carbonises,

emitting an odour of horn, but does not melt. When fused with potash-

hydrate, it gives off ammonia, assumes a transient rust-yellow colour,

and then dissolves in acids, forming a yellow liquid. b. The alkaline

solution is not precipitated by acids, and only slightly by ferrocyanide
of potassium after supersaturation with acetic acid ; the residue, satu-

rated with carbonic acid and evaporated, yields to alcohol a yellow

nitrogenous substance.

The white flocks are obtained in small quantity only. They dissolve

with brown colour in strong boiling potash-ley, are not precipitated by
acids, and react in general like the portion of the brown membranes
which is soluble in potash (Schlossberger).

Byssus of the Acephalce. According to Leuckart (Wiegmanns Arch.

1852, 25) it contains chitin (xv, 414). When the byssus of Pinna
nobilis is repeatedly boiled with potash-ley of 20 p. c. as long as the

liquid becomes coloured, there remain brown, swollen, gummy threads,

which, when washed, recover the original appearance of the byssus, and

appear rotten and brittle after drying. The substance thus purified
exhibits the following reactions : it is not altered by dilute acids ; is

slowly coloured yellow by strong nitric acids; then dissolved to a

yellow liquid, from which, after neutralisation with ammonia, tannic

acid and basic acetate of lead throw down precipitates. By boiling
with hydrochloric acid, the root-parts become fragile ; the ends of the
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threads reddish brown, with an almost coppery lustre after diying ;

after boiling for ten minutes the threads are incompletely dissolved, and
a brown solution is formed. Oil of vitriol does not alter the substance
at first, but afterwards colours it bright-red, without dissolving it, even
after several weeks' contact. Alkaline water restores the brown colour.
Hot oil of vitriol dissolves it, forming a black-brown liquid which yields a

copious precipitate with tannic acid after neutralisation. Dilute sul-

phuric acid at 120 partly dissolves the substance and carbonises the
rest. Tincture of iodine does not alter it; addition of oil of vitriol

produces red-brown coloration. This substance chars when heated,
without melting, like chitin, and contains 13'5 to 13'9 p. c. nitrogen
(12-2 to 12-6 p. c. when the bvssus was treated with boiling potash-ley,
then with acetic acid arid water), and is, therefore, different both from
chitin and from corichiolin. It is completely decomposed by fusion with

potash-hydrate, assuming at the same time a bright rust-yellow colour

(Schiossberger, Ann. Pharm. 98, 109).

Hyalin.

A. LUCRE. Verch. Arch. 19, 189.

Discovered by Lucke, named by Hoppe-Seyler. Forms the coarse,

elastic, structureless membranes of the mother-bladders of echiuococci,
which in the younger individuals are milk-white and opaque, in older

or dead ones, gelatinous and transparent.
The membranes, purified by washing with water and alcohol, are

friable when dry ; the younger ones contain 15'8, the older 0*29 p. c.

ash, which is not removed.

After deduction of the Ash.

Young Bladders. Old Bladders.

C 43-05 to 44-58 44'87 to 4572
N 4-29 4-65 5'11 5'21

H 6-53- 6-90 6-40 673

Hyalin from old bladders, heated with water to 150 in a Papin's

digester, dissolves to a clear liquid, which when evaporated leaves a

residue easily soluble in cold water. This solution is precipitable by
neutral and basic acetate of lead, mercuric nitrate, and alcohol ; not by
chlorine-water, mercuric chloride, silver nitrate, potassium ferro-

cyanide, or tannic acid. Hyalin from young bladders yields at 150

a turbid solution and a ropy residue, and on evaporation there remains

a residue sparingly soluble in boiling water. Dilute hydrochloric acid

colours hyalin violet after long standing; boiling concentrated hydro-
chloric acid and nitric acid dissolve it completely ;

dilute sulphuric acid

partially. When hyaliu covered with oil of vitriol is left to itself for a

while and the mixture dropt into boiling water, or when hyalin is

boiled for a long time with dilute sulphuric acid, dextroglucose is

formed, together with a nitrogenous substance precipitable by alcohol

in flocks. The quantity of sugar thus obtained from hyalin of young
bladders appears to vary between 20-9 and 50 p. c. ; that from the

hyalin of old bladders, between 24-5 and 43 p. c.

Hyalin from old bladders dissolves but incompletely in potash-ley
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even after prolonged boiling ; that of the young bladders colours the

ley lemon- or greenish-yellow.

Insoluble in water, alcohol^ and acetic acid.

Neorsin. Occurs to the amount of 90*26 p. c. in the edible swallows'

nests of Java, and contains 54-81 55-05 p. c. C., 7'06 H., 11-65 N*.

(Mulder, Nat. en Scheikund. Archief. 1838, 172; Berzel. Jahresb. 19, 720).

Lecithine.

LIEBREICH. Ann. Pharm. 134, 29
; Chem. Centr. 1865, 666 ; Jahresb.

1865, 647.

HOPPE-SEYLER. Tubinger medic. Unters. 1, 140 ; abstr. Analyt. Zeitsclir.

5,422; Jahresb. 166, 744 ; Tubinger medic. Unters. 1,215; Chem.

Centr. 1868, 136 ; Jahresb. 1867, 774.

DIAKONOW. Tubinger medic. Unters. 1, 221 ; Chem. Centr. 1868, 138 ;

Medecin. Centr. 1868, 97, 434 ; Chem. Centr. 1868, 140, 169, 515.

Tubinger medic. Unters. 1, 405.

STRECKER. Zeitsclir. /. Chem. [2], 4, 437; Chem. Centr. 1868, 516; in

full : Ann. Pharm. 148. 77.

After the occurrence of phosphoretted compounds in the animal

body had been established (xvi, 483), Liebreich obtained, as a product
of the decomposition of choline (p. 378), a mixture containing lecithine,

which he denominated Protagon. From the results of experiments by
Parke and Hoppe-Seyler, Diakonow concluded that protagon is a mix-

ture of cerebrin (xvi, 479) and lecithine, which latter he obtained in

the pure state and examined.

Occurrence. In yolk of egg (Gobley, xvi, 484; Diakonow), and

either wholly or partially as vitellin, in combination with albumin

(Hoppe-Seyler). In the brain ; probably also generally diffused in

the animal body and in plants (Liebreich).

On the occurrence of lecithine in the blood, see L. Hermann (Mutter's
Arch. 1866, 33; Zeitsclir. f. Chem. [2], 2, 250); G-. Judell (Tubinger
medic. Unters. 1, 386); in milk (Tolmatscheff, ibid. 1, 272). Hoppe-
Seyler found lecithine in the seminal fluid of animals, abundantly in the

electric organs of the torpedo, in maize-seed, in yeast, in the eyes of

roses, and in caviare ;
he supposes it to exist in all organs in which

protagon (infra) or phosphoretted fats (xvi, 483) have been detected.

The phosphoretted bodies, Myelo'idin, Myelo'idic acid, Neurolic acid,

prepared from brain by H. Kohler (Virch. Arch. 45, 265 ; Chem. Centr.

1867, 406 and 1022 ; Jahresber. 1867, 809) owe their phosphorus to an
admixture of lecithine, which is easily precipitated simultaneously with
other bodies (Diakonow).

Microscopic primitive forms which were obtained by Virchow

( Virch. Arch. 6, 502) from nervous tissue after prolonged contact with

water, frequently also observed in pathological formations, and desig-
nated as Myelin-forms, were afterwards regarded as characteristic of the

occurrence of chemically definable substances. They consist of many-
formed threads, globules, and drops of a viscid mass, which are like-
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wise obtained from alcoholic extracts of diseased liver, spleen, and

kidneys (Meckel), from brain-substance, pancreas, egg-yolk, and pus
(Virchow), from the lens of the eye (Mettenheimer.) Beneke (p. 100)

regarded myelin as a mixture of cholesterin and gallate of glyceryl,
and found this myelin to be generally diffused in animal and vegetable

organisms, especially where the existence of cholesterin and protagon
or lecithiue was subsequently demonstrated. Liebreich (Analyt.
Zeitsch. 4, 173) obtained myelin-forins by bringing protagon into

contact with neurine arid other bases (ammonia, potash, or soda), or

by mixing a non-phosphoretted body resulting from the decomposition
of protagon by hydrochloric acid, with fatty acids and alkali ; lastly,

Neubauer (Analyt. Zeitsch. 6, 189) obtained these forms by mixing
oleic acid with ammonia and water. The occurrence of myelin-forms
is therefore not associated with any definite chemical basis, but must
be ascribed simply to the physical constitution of the material

(Neubauer; Kraut, Liter. Centralbl. 1863, 491).

Preparation of Lecithine. From Brain. Finely pulverised brain

freed from blood and membranes is exhausted with ether ; the residue

is treated at 40 with absolute alcohol ; and the extract is cooled to 0.
A mixture of lecithine and cerebrin then separates, which is to be

washed with a small quantity of cold absolute alcohol and exhausted

with ether, which leaves cerebrin and protagon, and dissolvesJecithine.
The ethereal solution is evaporated, and the residue is dried at 40,
dissolved in a small quantity of absolute alcohol, and cooled to between
- 7 and 10, whereupon bistcaryl-lecithine separates and bioleyl-

lecithine remains dissolved (Diakonow).
When chloroplatinate or chlorocadmiate of lecithine is treated with

hydrosulphuric acid, the precipitated metallic sulphide removed, the

excess of hydrosulphuric acid expelled by carbonic acid, and the liquid

evaporated, hydrochlorate of lecithine remains as a waxy mass, which,

when its ether-alcoholic solution is agitated with silver oxide, the dis-

solved silver removed by hydrosulphuric acid, and th^ liquid evaporated,

yields lecithine.

For the detection of protagon, Hoppe-Seyler avails himself of the

occurrence of phosphoretted products in its decomposition. He ex-

hausts the liquid under examination with ether ; separates the ethereal

extracts from the watery liquid by decantation and filtration ; distils;

and boils the residue with concentrated alcoholic potash. On evaporat-

ing the alcohol, dissolving the residue in water, and exhausting with

ether, the ether takes up the cholesterin which is generally present ;

and on decomposing the soap with hydrochloric acid, and removing the

resulting fatty acids by agitation with ether, an aqueous solution is

left, containing glycerophosphoric acid, which may be recognised by

evaporating, fusing the residue with nitre and carbonate of soda, and

testing for phosphoric acid.

Properties. Lecithine is a yellowish-white, waxy, very hygroscopic,

amorphous mass, having a silky lustre in thin layers (Diakonow).
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in egg-yolk. Diakonow succeeded in resolving protagon, by means of

ether, into a residue containing less, and a solution containing more
phosphorus ultimately, in fact, into lecithine and cerebrin. To the

presence of this latter body is due the production of grape-sugar in

the decomposition of protagon, as observed by Baeyer & Liebreich

(Virch. Arch. 39, 183; Chem. Centr. 1867, 409).

Decompositions. 1. Lecithine becomes soft and transparent when
heated ; turns brown at 55 ; gives off at 70 an odour of burning fat;
and melts at 90 100 to a black liquid, which when further heated
burns with a bright smoky flame, leaving charcoal and ultimately
phosphoric acid (Diakonow). 2. The aqueous emulsion of lecithine,
heated in a sealed tube to 120, forms an upper oily layer containing
fat and fatty acids, together with undecomposed lecithine, while the
lower watery layer contains choliue, phosphoric acid, and glycerophos-
phoric acid (Diakonow). 3. Dilute sulphuric acid resolves lecithine

into choline and bistearyl-glycerophosphoric acid, which forms a crystal-
line salt with potash (Diakonow). 4. Lecithine heated with baryta-
water is decomposed, with separation of stearate (palmitate, oleate) of

baryta, and formation of glycero-phosphate of baryta and choline.

Formula for the decomposition, supposing stearic acid to be pro-
duced :

6HO = 2C36H36O4 + C6H9PO 12 + C 10NH15O4
.

Lecithine. Stearic Glycerophos- Choline.

acid. phoric acid.

a. The base formed in this reaction is choline, Liebriech's bilineu-

rine, C 10HI5N04 = hydrated oxide of trimethyl-oxethyl-ammonium
(p. 378), (Diakonow ; Strecker). Pure protagon yields, not this base,
but hydrated oxide of irimethyl-vinyl-ammonium, C 10NH13 4

,
whose

gold-salt is easily recrystallised, and whose recently precipitated

platinum-salt, if immediately dissolved and recrystallised, separates
in yellow, distorted, five-sided tables. On recrystallising these tables,
a salt, insoluble in water, remains behind, while the oxethyl-ammonium
salt passes into solution. Lecithine from egg-yolk, bile, or the

mother-liquors of protagon containing decomposition-products, yields

only the oxethyl base (Liebreich, Deutsche chem. Gesellsch. 2, 12).
See also Baeyer (Ann. Pharm. 140, 306 ; 142, 322), and Wurtz (Deutsche chem.

Gesellsch. 2, 125), who appear to regard the base prepared from brain as a mixture
of the oxethylated and vinylated bases.

b. The fatty acids produced in the above reaction are palmitic and
oleic acid (Strecker); stearic or oleic acid, according to the way in

which the lecithine has been prepared, the less soluble lecithine yielding

only stearic, and no oleic acid, or only a trace of it, whereas the more
soluble lecithine yields oleic with only a small quantity of stearic acid.

When protagon instead of lecithine is used, the baryta-salt which

separates is mixed with cerebrin (Diakonow).

Combinations. Lecithine swells up in water, forming a paste which
is difficult to filter ; with a larger quantity of water it forms an emul-
sion (Diakonow). In does not dissolve in dilute acids (Diakouow).

Hydrochlorate of Lecithine. May be obtained from the chloroplati-
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nate. Waxy mass, from whose alcoholic solution oily drops of a

fatty acid separate after long standing (Strecker).

Chlorocadmiate of Lecithine. An alcoholic solution of cadmium
chloride, added to an ether-alcoholic solution of lecithine. throws down
white flocks, which may be washed with ether -alcohol without much
loss by solution. Soluble in alcohol containing hydrochloric acid

(Strecker). After drying in a vacuum, it contains a quantity of

cadmium, as chloride, varying between 13 and 15-2 p. c. ; the organic
substance exhibits the composition of lecithine (Strecker).

Chloroplatinate of Lecithine. Lecithine is prepared by exhausting
egg-yolk with ether-alcohol ; the ether is distilled off

; the fatty oil

precipitated by mixing the residue with alcohol ; and the remaining
liquid is mixed with an alcoholic solution of platiuic chloride. The
copious yellow flocks thereby separated are purified by dissolving
them five or six times in ether and precipitating with alcohol

; they
easily cohere when shaken, and may be dried in a vacuum without

becoming insoluble in ether. The salt melts at 100, turning black
and losing weight at the same time. It dissolves easily and abundantly
in sulphide of carbon, ether, chloroform, and benzene; the ethereal

solution, on standing, deposits chloroplatinate of choline (Strecker). A
similar decomposition was observed by Hoppe-Seyler (Tiibinger medic.

Unters. 1, 411), who found that lecithine was but incompletely pre-

cipitated by platinic chloride.

In vacua. Strecker.

N
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BAEYER. Ann. Pharm. 140, 306 ; 142, 322.

DYBKOWSKY. J.pr. Chem. 100, 153; Chem. Centr. 1867, 225.

A. GLAUS & KEESE. J.pr. Chem. 102, 24.

AD. WURTZ. Compt. rend. 65, 1015.

Neurine. Discovered in the bile of the pig and ox by Strecker,
who called it choline, and by Liebreich, who called it neurine.

Dybkowsky demonstrated the identity of the two bases thus named.
Wurtz discovered the synthesis of neurine. Baeyer suspects that

sincaliue (xiv, 523) may also be identical with neurine, a supposition
which appears to be corroborated by the preliminary investigation of

Claus & Keese.

Formation. 1. The hydrochlorate of this base, C
10NH13 8

,HC1, or chlo-

ride of oxethyl-trimethyl-ammonium, C 10NH"02C1 = ^^jSl j N.C1,

is formed by heating ethyl-glycolic chlorhydrin (hydrochloride of

ethylene-oxide ; Addenda, xiii, 627) with trimethylamine (Wurtz):

C4H4
(0

2
H)C1

In like manner, amyl-glycolic chlorhydrin heated with excess of ammonia yields
the chloride of hydroxamyl-ammonium, C 10N"H14O2

C1, isomeric with hydrochlorate of

choline: C>H10
(O

2
H)C1 + EK* = CiH10

(O
2
H),H3N,01 ; and ethyl-glycolic chlor-

hydrin heated with triethylamine yields the chloride of oxethyl-triethyl-ammonium,
C^NBWCl, homologous with hydrochlorate of choline : C4H4

(O
2
H)C1 + (C

4H 5

)
3N

= C4H4
(O

2
H),(C

4H5
)
3
N,C1 (Wurtz).

2. Together with glycerophosphoric acid and fatty acids (Liebreich),

by boiling protagon (from brain) with baryta. In this mannej* also

choline is obtained from bile, in which only a very small quantity
of it exists ready formed (Dybkowsky). 3. Lecithine (from egg-yolk)
is resolved by boiling with baryta into stearic acid, glycerophos-
phoric acid and neurine (Diakonow). See page 377.

Preparation. 1. When 1 part of trimethylamine is heated with
2 pts. of glycolic chlorhydrin to 100 for 24 hours, the resulting solu-

tion yields on cooling, crystals of hydrochlorate of neurine, from which
the base may be separated by moist oxide of silver (Wurtz).

3. Protagon is boiled for 24 hours with concentrated baryta-water ;

the excess of baryta is precipitated by carbonic acid, and the glycero-

phosphoric acid from the concentrated filtrate by basic acetate of

lead; the filtrate is freed from lead by sulphuretted hydrogen, and

evaporated to dryness with oxalic acid to remove acetic acid
; the

residue is digested with water and carbonate of baryta; the liquid

filtered; and the chloroplatinate of neurine precipitated from the

filtrate by hydrochloric acid and platinic chloride (Liebreich). Baeyer
purifies crude hydrochlorate of neurine by precipitation with phospho-
tungstic acid ; decomposes the washed precipitate with baryta-water ;

and evaporates the resulting liquid to a syrup, after removing the

baryta with hydrochloric acid. There then remains colourless hydro-
chlorate of neurine, which is further purified by precipitating it as

chloroplatiuate with platinic chloride and alcohol, and separated there-

from by sulphuretted hydrogen.
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Instead of protagon, fresh ox-brain freed from membranes and

blood-coagulum may be used : it is triturated, stirred up with water,
and exhausted with ether, or according

1 to Glaus & Keese, with ether-

alcohol (Dybkowsky). The ether-alcoholic extract is mixed with

baryta-water, heated for 24 hours in the water-bath to decompose
protagon and evaporate off the ether and alcohol, then concentrated to

a syrup, exhausted with absolute alcohol, and precipitated with hydro-
chloric acid and platinic chloride. The yellow precipitate (which is

increased in quantity by addition of ether, but does not then contain

more neurine), is freed, by solution in boiling water and recrystallisation,
from small quantities of chloroplatinate of ammonium and a com-

pound easily soluble in cold water (Glaus & Keese
; Dybkowsky).

Diakonow (Chem. Centr. 18G8, 138) boils the ethereal extract of

egg-yolk (or caviare) continuously with baryta ; passes carbonic acid

into the filtrate ; acidulates ; precipitates with phosphomolybdic acid ;

decomposes the precipitate with baryta ; frees the nitrate from excess
of baryta ; acidulates ; evaporates ; exhausts the residue with
alcohol ; and precipitates the neurine with platiuic chloride.

4. From Pig-bile. The bile is treated with hydrochloric acid to

precipitate hyoglycocholic acid, mucus, &c. ; the filtrate is evaporated,
the residue exhausted with alcohol, which leaves common salt undis-

solved ; the alcohol is evaporated ; the residue again taken up with
water ; and alkalis, lime, and magnesia, are completely removed by
evaporation with sulphuric acid, and further treatment the of residue

with absolute alcohol. From the alcoholic solution thus obtained, ether

precipitates a brown greasy mass, which is repeatedly treated with
ether to remove lactic acid, dissolved in alcohol, mixed with water,
and after the alcohol has been removed by boiling, further boiled with

hydrated oxide of lead as long as ammonia continues to escape.

By removing the lead from the filtrate with sulphuretted hydrogen,
evaporating to dryness, and redissolving the residue in absolute alcohol,
a solution is obtained which deposits a tough glutinous mass, while
choline remains in solution and may be precipitated as chloroplatinate

by mixing the solution with hydrochloric acid and platinic chloride

(Strecker).

Dybkowsky evaporates the bile to dryness ; dissolves the residue in

alcohol ; precipitates with ether
;
stirs up the precipitate well with ether

alcohol ; distils ;
and boils the residue for 12 to 24 hours with baryta-

water. The liquid, concentrated after removal of the excess of baryta
with carbonic acid, is mixed with absolute alcohol ; the precipitate is

washed therewith, and the alkaline solution neutralised with hydro-
chloric acid, whereupon crystals of taurine separate ; their deposition

may be facilitated by leaving the liquid to itself for a day, and adding
a little ether. From the filtrate, platinic chloride, after addition of

more ether, if necessary, throws down yellow flocks, which are washed
with ether-alcohol and dissolved in hot water ; and the solution, after

being freed by filtration from brownish adhesive flocks which separate
on cooling, is again left to crystallise. There then appear orange-red
tables and yellow octohedrons, the latter to be separated by trituration

with water till the choline-salt is dissolved, then filtering, and evapor-
ating the filtrate over oil of vitriol.

Aqueous neurine leaves on evaporation a strongly alkaline syrup,
which contains a little silver, and decomposes when heated (Hoppe-
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Seyler, Ilandb. der physiol. u.pathol. Analyse, 2 Aufl. 18G5, 123. Wurtz.)
The decomposition of the aqueous solution by heat is attended with
formation of trimethylamine, whence, as well as from the synthetic
formation (p. 379), it follows that neurine has the constitution of

hydrated oxide of trimethjl-oxethyl-ammonium, N.(C
2
II

3
)

3
.(;

4
II

4

(OM1),II0
8
,

the chloride corresponding to which is N,(C
3H 3

)
3
,C

4H4

(0
2

1I),C1. But
when neurine is heated with excess of hydriodic acid, it gives up water,
and yields the iodine-compound C 10NEP3P = C 10NH15 4 + 2III - 4HO,
that is to say, iodide of trimethyl-iodethyl-ammonium, (C

3!!3
)
3^4

!!
4

!,^!,
which, in contact with silver oxide, yields no longer neurine, but
the base C 10NII 13 2

,
that is to say. hydrated oxide of trimethyl-vinyl-

ammonium, (C
2113

)
3
,C

4H3

,N.II0
2

(Baeyer).

Combinations. The carbonate is amorphous, deliquescent, and has a

strong alkaline reaction ;
its aqueous solution is not precipitated by

alcohol. The amorphous sulphate dissolves easily in dilute, with diffi-

culty in absolute alcohol. The hydrochlorate (= C 10NH13 2
,HC1,

Baeyer) forms deliquescent slender needles (Strecker, Liebreich). It

dissolves very abundantly in boiling alcohol, crystallises from the

highly concentrated solution in beautiful colourless prisms, and is pre-

cipitated by ether (in presence of traces of water, as an oil). Wurtz.

Chloroplatinate of Neurine. Crystallises from the mixed solutions

in thin orange-yellow laminae having the form of gypsum, and is pre-

cipitated from its aqueous solutions by alcohol (Strecker, Liebreich).

Broad tabular prisms, terminated by rhombic pyramids with angles of

128 and 121 ; the same angles are exhibited by the choline salt

(Naumann). The hot-saturated solution deposits small needles, and on

further evaporation over oil of vitriol, thick prisms ; but when it is

mixed with a slight excess of platiuic chloride, rhombic prisms make
their appearance, resembling the chloroplatinate of sincalirie (xiv, 524)

Claus & Keese. It is very apt to blacken during concentration, with

formation of trimethylamine. Does not give off any water at 110

(Dybkowsky).

10 C
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Bence-Jone
mean.

C .... 52-90
H .... 7-43
N .... 13-47
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Physiological Chemistry, ii, 356) a mixture of casein and albumin.
When yolk of egg is triturated with water, and exhausted with ether,
and the coagulum is washed as long as the wash-water becomes turbid

when heated, casein remains behind, while albumin passes into solution.

Schwarzenbach (Ann. Pharm. 141, 64) dissolved the residue on the

filter several times in carbonate of soda
; precipitated with acids ; boiled

with glacial acetic acid, whereupon the precipitate became translucent

and then dissolved ; and obtained from this solution, with platinocyauide
of potassium, a precipitate containing, on the average, 11*12 p. c.

platinum, whilst the albuminous solution which ran away yielded a

precipitate containing 5'49 p. c. platinum. From these results he like-

wise infers that viteilin is a mixture of casein and albumin.

When viteilin (how prepared ?) is boiled for several hours with

moderately dilute sulphuric acid, leucine, tyrosine, and aspartic acid

are obtained, but no glutamic acid (Kreusler, J. pr. Chem. 107, 239).
When the portion of egg-yolk insoluble in water is dissolved in

slightly acidulated water precipitated with hydrochloric acid, redissolved

in water, and precipitated with platinic chloride, the precipitate contains

7-85 p. c. platinum. From boiled egg-yolk which has been washed
with alcohol, ether, and water, dissolved in soda-ley, precipitated with

hydrochloric acid, and redissolved, a precipitate is obtained, containing
7-96 p. c. platinum (Commaille).

5. When yolk of egg is shaken up in a half-filled bottle with twice

its volume of ether, till it has become colourless and the ether no

longer takes up any fat, the ether then removed by decantation and by
spreading out the exhausted egg-yolk on a porcelain plate at 30 40,
and the yolk suspended in a 10 p. c. solution of common salt, it dissolves

completely in the course of a few hours. The colourless liquid thus

obtained is coagulated by alcohol and by heating, also by acids and by
concentrated alkalis. Water throws down very fine flocks of unaltered

viteilin, which is therefore insoluble in water ; but dissolves in a 10 p. c.

solution of common salt. The solution mixed with a few drops of

alkali or alkaline carbonate, and then no longer precipitable by water,

coagulates when heated to 70 74, on addition of alcohol or^ a very
small quantity of acid (Denis).

6, When the solution in salt-water of egg-yolk exhausted with

ether, as obtained by Denis's method, is precipitated by water, with
addition of a few drops of acetic acid, the egg-yellow is obtained in

its original state. But when this yellow substance is treated with
alcohol at 30 to 40, it is resolved into lecithine, which dissolves, and a

residual albuminous substance identical with the viteilin of some
chemists. This substance is free from phosphorus, contains 0*75 p. c.

sulphur, and no longer dissolves in a 10 p. c. solution of salt.

Unaltered viteilin is not precipitated from its solution in salt-water

by saturation with common salt. It dissolves in water containing

-jL p. c. hydrochloric acid, but the solution soon becomes turbid, from

separation of lecithine.

This viteilin occurs in the egg-yolk probably of all animals, espe-

cially in caviare, from which it may be extracted by salt-water.

On the nuclear structures in the yolk of the hen's egg, see

F. Miescher, Med. Chem. Unters. 1871, 502.
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The ichthin, ichthulin, and emydin of Valenciennes & Fremy, and
the crystals of aleurone, consist of vitellin, or bodies allied thereto,
and are resolvable, like vitellin, into an albuminous substance and
lecithine (Hoppe-Seyler).

Ichthin. Forms the yolk-plates in the eggs of cartilaginous fishes,
as of the ray, torpedo, and shark, and falls down when the egg-yolk
is suspended in a large quantity of water ; may be purified by washing
with water, alcohol, and ether. Ichthin forms transparent grains,
which appear as rectangular plates when prepared from the egg-yolk
of oviparous species, and as oval plates when obtained from that of vivi-

parous species,
but do not exhibit the optical properties of crystals.

- Ichthin is insoluble in water, and does not become opaque even in

boiling water. It dissolves in dilute phosphoric and acetic acids, in

other acids only in the concentrated state, in hydrochloric acid without
violet coloration. It is not perceptibly soluble in ammonia, dissolves

slowly in potash- or soda-ley, not in alcohol or ether. Contains
51-0 p. c. C., 6-7 EL, 15-0 N., 2540., and 1-9 P., no sulphur, and leaves
no ash when burned. (Valenciennes & Fremy, Compt. rend. 38, 480 ;

Jahresber. 1854, 684). On yolk-plates, which may be regarded as crystals, see

Radlkofer (Zeitschr. fw wissensch. Zoologie von Slebold Sf Kolliker 9, 529) .

Ichthidin and Ichthulin. Whilst the ripe eggs of the carp and
other bony fishes contain exclusively an albuminous liquid hold-

ing in suspension a phosphoretted fat, the same eggs in course of

development contain granules resembling ichthin, but consisting of

ichthidin, which is soluble in water, and consequently has not yet been
isolated. When the solution obtained by triturating young carp's

eggs with a little water, and merely rendered turbid by fat, is diluted

with a larger quantity of water, ichthulin separates as a ropy syrup.

By washing with alcohol and ether, this substance is obtained as a

solid pulverulent mass, which dissolves in acetic and phosphoric acids,

and without violet coloration in hydrochloric acid. Ichthulin contains

52-5 to 53-3 p. c. C., 8'0 to 8'3 H., 15-2 N., 0-6 P., 1-0 S., and 22-7 0.

(Valenciennes & Fremy, Compt. rend. 38, 528 ; Jahresber. 1854, 684).

Emydin. Occurs in the eggs of tortoises, and is separated from

the yolk by washing with water, alcohol, and ether. White, trans-

lucent, round or oval grains, harder and heavier than ichthin.

Dissolves in hydrochloric acid, without violet coloration ; swells up in

acetic acid without dissolving; and dissolves quickly in very dilute

potash-ley. Contains, to 1 p. c. ash, 49-4 p. c. C., 7'4 H., 15-6 N., 27-6 0.

and P. (Valenciennes & Fremy, Compt. rend. 38, 570 ; Jahresber. 1854,

684).

On Hartig's Aleurone or Klebermehl (Botan. Ztg. 1855, 881; 1856,

257; Jahresber. 1858, 491), see Maschke (J. pr. Chem. 74, 436; Chem.

Centr. 1858, 864 ; J. pr. Chem. 79, 148) ; v. Holle (N. Jahrb. Pharm.

11, 338; 12, 65; SchmidtWoArJ. 101, 281); Radlkofer (Ueber kryst.

prote'inart. Kbrper, Leipzig, 1859 ;
Jahresber. 1860, 329) ;

F. Cohn

(J.pr. Chem. 80, 129; Jahresber. 1860, 530).

VOL. XVIII. 2 c
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Haemoglobin.

HOPPE-SEYLER. Archiv. fur pathol. Anat. 23, 446; Chem. Centr. 1862,
170; Jahresber. 1862, 535. Archiv. fiir pathol. Anat. 29, 233, and
597; Chem. Centr. 1864, 582; Krit. Zeitschr. 7, 341; Jahresber.

1864, 653. Zeitschr. f. Chem. [2], 514; Jahresber. 1865, 771.

Zeitschr. f. Chem. [2], 1, 214; Anal. Zeitschr. 3, 432; Chem. Centr.

1865, 771; Jahresber. 1865, 665. Zeitschr. f. Chem. [2], 1,218;
Analyt. Zeitschr. 3, 440 ; Chem. Centr. 1865, 776 ; Jahresber. 1865,
668. Ttibinger medic.-chem. Unters. Berlin, 1866 to 1868, 1, 169,
and 366. Deutsche-chem. Gesellsch. 3, 229.

Hcematoglobin, Hcematocrystallin. Colouring matter of Blood, or Blood-red.
JBlood crystals. Cruorin of Denis and Stokes. Crystals from blood were
obtained by Funke (Zeitschr. f. rationelle Medicin, neu Folge, 2, 199
and 288), and Kunde (ibid. 2, 271), and were prepared in larger

quantity by Lehmann ; but their preparation in the pure state was first

effected by Hoppe-Seyler, who also determined their relation to

heematin. See also the experiments of Funke and of Lehmann (HandbucJi, viii,

135).

For older experiments on the preparation of the colouring matter of blood, see

Fourcroy and Yauquelin (Scher. J. 8, 37) ; Brande (Schw. 18, 382) ; Yauquelin
(Ann. Chim. Phys. 1, 9) ; Engelhardt (Kastn. Arch. 6, 337) ; L. Grmelin (Die
Verdauung von. Tiedemann u. G-melin) ; Sanson (Serzel. Lehrbuch 3 Aufl. 9, 68), and
below. Berzelius (Lehrbuch. 3 Aufl. 9, 71), and Simon (N. Br.Arch. 18, 35 ; J. pr.
Chem. 22, 112) spoke of blood-red (Simon's haemato-globulin) as a compound of

hsematin and globulin. The presence of iron in the blood was first demonstrated

by Lemery.

Occurrence. In the blood, probably, of all vertebrate animals. In

man and in the dog it forms, with exception of mere traces of other

substances, the sole constituent of the red corpuscles; in those of

many other mammals and of birds, it occurs associated with albuminous
substances. The red serum of the earth-worm contains the same

haemoglobin as the blood of vertebrate animals (Nawrocki, Chem.

Centr. 1867, 692).

Preparation. Blood freed from fibrin by beating it for ten

minutes, is strained through linen which has been washed and dried

again, and the filtrate is mixed with ten times its volume of a mixture

of 1 vol. saturated solution of common salt and 9 to 19 vols. water.

The mixture thus prepared is left to itself at or below 0, till the blood-

corpuscles have sunk to the bottom ; and these corpuscles are purified

by decanting the supernatant liquid, stirring them up with a weak
solution of common salt, decanting, and repeating these operations
once or twice. The pulp of blood-corpuscles free from serum thus

obtained, is shaken up with a little water and 4 to 10 vols. ether; the

whole is left at rest for some hours
;
the ether, holding in solution

cholesterin and lecithine is poured off from the red aqueous solution ;

and this solution is cooled, whereupon it coagulates to a crystalline

pulp. The crystals are dissolved in water of 30 to 35, and the filtrate

is quickly cooled to 0, agitated with air, mixed with ^ vol. alcohol of

80 p. c., again shaken with air, and then left to itself for a day or two
at a temperature of - 5 to 10. The crystals thereby obtained are
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washed with a cooled mixture of 1 vol. alcohol of 80 p. c. and 4 vols.

water, and recrystallised in the manner above described (Hoppe-
Seyler).

Or a mixture of 1 vol. defibrinated blood, 1 vol. water, and vol.
alcohol is left to itself at for 24 hours ; the precipitate which sepa-
rates is collected on a filter, pressed, and dissolved in the smallest

possible quantity of water at 2530, and the solution mixed with a

quantity of alcohol amounting to one-fourth its volume, is cooled to
between 10 and - 20 (Hoppe-Seyler).

The blood of dogs, guinea-pigs, hedge-hogs, and rats yields crystals
Of hemoglobin when the corpuscles are merely shaken up with ether
and water

; that of birds only when, after this treatment, it is mixed
with J vol. alcohol, shaken with air, and cooled. The separation of
the haemoglobin crystals and their recrystallisation succeeds only at a
uniform temperature below ; but strongly cooled alcohol added to
solutions of haemoglobin at temperatures below 0, throws down amor-

phous haemoglobin, which remains amorphous even after solution in

water and precipitation with alcohol (Hoppe-Seyler).
The blood of men, oxen, sheep, pigs, and rabbits does not yield

c^stals of haemoglobin, but an amorphous precipitate, which is not
obtained in the crystalline state, even after solution in warm water,
arid mixture with alcohol. To separate this amorphous haemoglobin,
the blood-corpuscles are agitated with water and ether ; the ether is

decanted after some hours ; basic lead acetate is dropped into the red

aqueous solution as long as a precipitate is formed ; the excess of lead
is removed by carbonate of potash ; and pulverised carbonate of potash
is added to the ice-cold filtrate till the haemoglobin separates in light red
flocks. It is filtered off at 0, and washed with a nearly saturated

solution of carbonate of potash, but cannot be obtained quite free from
this salt (Hoppe-Seyler),

The preparation of haemoglobin crystals requires either an addition

of water to bring out the contents of the corpuscles into the blood-

liquid, or the destruction of the corpuscles by keeping the blood and

allowing it to freeze. But too large an addition of water gives rise to

decomposition of the haemoglobin into haematin and paraglobin. Thus

guinea-pig's blood diluted with half its volume, or at most an equal
volume of water, yields an abundant crystalline sediment ; but with a

larger addition of water the crystals are accompanied, or finally replaced,

by granules of paraglobin. The separation of crystals is promoted by
agitation with small quantities of alcohul or ether, by dissolution of

anhydrous sulphate of soda in the liquid, whereby its power of

dissolving haemoglobin is diminished ; also by passing carbonic acid

through the liquid, or by adding a very small quantity of acetic, hydro-

chloric, or sulphuric acid, whereby the alkali of the blood-water is

neutralised. See especially A. Schmidt ( Virch. Arch. 29, 14 ;
Mailer's Arch.

1862, 435) ; further, W. Kuhne, (Medic. CentralUatt. 1863, No. 53 ;
Lehrb. 197).

Blood mixed with ether does not putrefy, but yields crystals after

some weeks : hence to prepare these crystals (for microscopic observa-

tion) blood may be defibrinated, freed from serum, frozen, and mixed
with ether after it has thawed (Zawarykin, Wein. Acad. Ber. 51, 151 ;

Analyt. Zeitschr. 5, 263).

Properties. Haemoglobin in the moist state forms a light cinnabar-

red crystalline mass, and after drying below 0, a light brick-red

2 c 2
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powder. If the temperature rises above during the desiccation, the

haemoglobin becomes dark red, or nearly black, and partly decomposes
(Hoppe-Seyler). The crystals are mostly rhombic prisms, but in the

blood of certain animals, tetrahedrons tables, or rhombohedrons like-

wise occur (Handbuch, viii, 136). The blood of hedgehogs yields

hexagonal crystals ;
that of guinea-pigs yields rhombic tetrahedrons

(v. Lang). The crystals from dog's blood are 2 lines long and ^ of a

line thick (Hoppe-Seyler).
The crystals must first be dried at in a vacuum, then, when the

weight has become constant, at 100 120. At the latter temperature

they lose from 3 to 9 '4 p. c. water, according to their origin, crystals
from dog's blood giving off 3 to 4, those from goose blood 7, those

from guinea-pig's blood 6, and those from hedgehog's blood 9-4 p. c.

water.

Hoppe-Seyler.
C. Schmidt.

Dried, mean.

C 53*64
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acids or alkalis, yielding haematin, albuminous bodies, traces of formic

acid, butyric acid, and amorphous nitrogenous "bodies (Hoppe-Seyler).
The products of decomposition remain in solution after the undecom-
posed haemoglobin has been precipitated by pulverulent carbonate of

potash ; the albuminous substances are precipitated, together with a
little hsematiu, on agitating the aqueous solution with ether. In a
solution of common salt, they swell up as a gelatinous mass, without

dissolving, give up a soluble portion to very dilute hydrochloric acid,
and shrink together in boiling water (Hoppe-Seyler).

When oxyhaemoglobin is freed from loosely combined oxygen by
passing hydrogen or carbonic acid through it, and mixed, apart from
the air, with de-aerated alcohol which has been either acidulated with

sulphuric acid, or mixed with a little caustic potash, the liquid acquires
a fine purple-red colour, and deposits a colourless precipitate, or if

alkaline alcohol has been used, a light purple-red precipitate, of albumin.

The colouring matter which remains dissolved is neither haematin

which is obtained only when oxyhaemoglobin is employed, or when air

has access to the liquid nor reduced haematin, but hcemochromogen. Its

solutions exhibit four absorption -bands, the acid alcoholic solution two
narrow bands between C and D, a broader band between D and E, and
a diffused band between b and F. The alkaline solution exhibits a faint

absorption-band before D
;

a very strong sharp band midway
between D and E

;
a third, extending from E to b ; and a fourth, broad

and ill-defined, which begins behind b and reaches nearly to F (Hoppe-
Seyler).

The decomposition of haemoglobin begins even during the drying

up of its aqueous solution, or when that solution is left to itself, and

the more easily as the temperature is higher ;
moist crystals lying

exposed to the air acquire a dingy dark-red colour. The product thus

formed, Hoppe's Metahcemoglobin, yields haematin with alcoholic acid,

even in absence of oxygen.

In presence of metallic chlorides, acetic acid produces from oxyhae-

moglobin, instead of haematin, crystals of hydrochlorate of haematin,

of which 3-86 pts. are obtained from 100 pts. haemoglobin, whereas

calculation, based upon the amount of iron in the two bodies, requires

4-87 pts. (Hoppe-Seyler).
Dry haemoglobin dissolves at 5 in 50 pts. of water, more easily in

aqueous albumin or aqueous carbonate of soda; its separation from

these solutions is facilitated by a stream of carbonic acid (Hoppe-

Seyler).J

When cupric sulphate is dropt into aqueous blood-red, the resulting

precipitate disappears on agitation, then becomes permanent, and is

obtained of a brown-green colour if the metallic salt is in excess.

When blood-red is dropt into excess of cupric sulphate, the liquid

becomes green without precipitation. The precipitate decomposes

during washing, with formation of soluble compounds ; when produced

with excess of cupric sulphate, it contains sulphuric acid and cupric

oxide in the proportion of the neutral salt ;
with excess of blood-red

there is obtained, besides a brown precipitate, a filtrate containing a

large quantity of free Sulphuric acid. The copper in the precipitates

cannot be detected till the organic matter has been destroyed (0. Or.

Mitscherlich. Pogg. 40, 126). See also F. Rose (Pogg. 28, 132).
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With mercuric chloride, blood-red forms a red precipitate, which
dissolves in water, after the mercuric salt has been washed out

(F. Rose).

Aqueous haemoglobin is not precipitated by nitrate of silver (Leh-

mann) ; it is precipitated after 12 to 24 hours (Alex. Schmidt).

The loosely-combined oxygen imparts to haemoglobin the faculty
of absorbing with peculiar energy light of a certain degree of re-

fraugibility : hence the spectrum which has passed through a solution

of haemoglobin exhibits dark bands, which are not obtained of similar

character with other red colouring matters, or even with the products
resulting from the decomposition of haemoglobin (Hoppe-Seyler ; Stokes,
Proc. Roy. Soc. 13, 355 ; Chem. Centr. 1865, 412 ; Jahresler. 1865, 665,
and 668).

A very dilute solution of blood in water exhibits in a layer 1 cen-

timetre thick, two dark bands in the yellow and green, situated between
the Fraunhofer lines D and E. The band corresponding to the less

refracted light lies near the double line D ; the second is somewhat
farther from E

; with a sufficiently dilute blood-solution, the breadth
of the two is less than the spectral interval between E and b. With

greater concentration or a thicker
layer

of the blood-solution, the

breadth of the two absorption-bands increases, and almost wholly at

the expense of the yellow-green light which separates the two bands
from one another ; and, finally, as the concentration is increased, the
two bands unite into a dark, somewhat sharply-bounded field. At the

same time the violet and blue gradually disappear, so that nothing is

left of the spectrum but the green between E and 5, and the red and

orange as far as D, and with still greater concentration, only the red

(Hoppe-Seyler).

The blood of different vertebrate animals, when thus examined,
exhibits similar characters

; the same absorption-phenomena are like-

wise observable in undissolved blood-corpuscles (Hoppe-Seyler).
On the estimation of haemoglobin in blood by means of the spectroscope, see Preyer
(Ann. Pharm. 140, 187 ; Anal. Zeitschr. 5, 414).

Arterial and venous blood exhibit the same two absorption-bands
in the yellow and the green ; but venous blood absorbs the light from
C to near D more strongly than arterial blood (Hoppe-Seyler).

Reduced Hamoglolin. Oxygen may be withdrawn from oxyhaemo-
globin or from blood by the commencement of putrefaction in blood
from the arteries, or by the addition of reducing substances to the blood.

This change is produced by prolonged keeping of extract of blood in

closed vessels (Stokes), by heating the blood-solution to 40 50 by
itself, or with a drop of ammonia (Hoppe-Seyler) ; by alkaline sul-

phides, zinc, iron, ammoniacal solutions of ferrous, cuprous, orstannous
oxide. The two absorption-bauds then disappear and are replaced by
a single band situated midway between D and E.. As the haemoglobin
itself is not necessarily destroyed in these reactions, the absorption-
bands of the oxygenated haemoglobin or oxy-haemoglobin reappear in

certain cases after agitation with air (Stokes; Hoppe-Seyler). Oxy-
haemoglobiu is not reduced by grape-sugar or tartaric acid (Hoppe-
Seyler).

Haemoglobin free from oxygen is likewise crystallisable ;
the

crystals obtained when the air is excluded as completely as possible
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are dark brown-red, belong also to the rhombic system, and are more
soluble than the

oxygenated crystals (W. Kiihne, Virch. Arch. 34,
123). Hoppe-Seyler did not succeed in obtaining crystals by mixing
aqueous haemoglobin deoxidised by passing hydrogen through it, with
alcohol at 0, or by drying it over oil of vitriol

; but on admission of
air to the liquid, crystallisation took place rapidly.A solution of reduced haemoglobin concentrated to a certain degree,
transmits only the red light from the beginning of the spectrum to a
little beyond ; on dilution, the following appearances are observed :

1. The spectrum becomes visible further towards the line D, and green
light appears between b and F. 2. The broad, ill-defined band from
D to b becomes broader, without separating into two bands ; at the
same time the spectrum becomes brighter towards the blue. 3. There
remains a broad, ill-defined absorption-band between D and E (Hoppe-
Seyler).

Blood diluted with water becomes dark purple-red when it is made
ammoniacal and mixed with ferrous tartrate ; it then exhibits, instead

ofjthe two absorption-bands, a single band less sharply defined, and
as the thickness of the layer is increased, ultimately transmits only
the blue a little behind F, whereas in the original solution, the green
between E and b disappears last (Stokes).

Blood mixed with alkaline stannous oxide exhibits, after several

weeks, the original spectrum of reduced haemoglobin (Nawrocki).

Acetic or tartaric acid converts the red colour of blood-solution
into brown-red, whereupon, instead of the original absorption-
bands, another system of bands makes its appearance, belonging
to the decomposition-products of haemoglobin (Stokes). In the de-

composition of haemoglobin by acids, absorption-bands appear in the

neighbourhood of the line C, their position varying according to the
acid employed. At the same time the loosely combined oxygen dis-

appears, being employed in effecting the decomposition of the haemo-

globin or other constituents of the blood. The same effect is produced
by continued passage of carbonic acid gas (Hoppe-Seyler).

Peroxide of hydrogen does not alter the spectrum of blood (Schon-
bein, Jahresb. 1867, 808). Acid blood turned brown by peroxide of

hydrogen exhibits only the bands of the acid solution of haematin

(Huizinga, Analyt. Zeitschr. 8, 234).
Solutions of haemoglobin free from oxygen are not decomposed by

continued passage of hydrosulphuric acid gas, or only after several days ;

neither does the decomposition take place quickly when ammonia is

likewise added. But when hydrosulphuric acid is passed through an

aqueous solution of oxy-haemoglobin, the oxygen is slowly separated
from the haemoglobin. In an ammoniacal solution the decomposition

stops at this point, but neutral solutions suffer further alteration, in

consequence of which the solution acquires a dirty green colour, and
an absorption-band appears in the red between C and D. The ap-

pearance of this band is not determined by the formation of haematin,
as shown by the spectrum of the solution mixed with ammonia, but

probably by the formation of a sulphur-compound, either of haematin

or of haemoglobin. By further passage of hydrosulphuric acid gas, a

body is formed, having an olive-green colour in thin layers, brown-red
in thicker layers, and a mixture of sulphur and an albuminous body is

separated ; the filtered liquid neither exhibits distinct absorption-bands
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nor yields crystals, but when left to evaporate in a vacuum, leaves
an amorphous residue rich in sulphur, which exhibits the original
amount of iron in hemoglobin (Hoppe-Seyier, Lewisson, Virch. Arch.

36, 15).
Small quantities of commercial kydrosulphate of ammonia act but

slowly on oxyhasmoglobin ; larger quantities reduce it almost instan-

taneously. When 1 vol. hydrosulphate of ammonia is added to 3 vol.

solution of oxyhsernoglobin, the absorption-band in the red near C first

appears, and afterwards two bands, which do not disappear even after

the solution has been left to itself for a day or two (Nawrocki, Chem.
Centr. 1867, 689). According to Hoppe-Seyler (Tilbinger Medic.

Unters. ], 299) the two bands belong to reduced hsematiii ;
he himself

was unable to obtain them at ordinary temperatures with hydrosul-
phate of ammonia.

Liver of sulphur dissolves without turbidity in cold aqueous oxyhse-
moglobin, and develops in the first instance the broad absorption-band
of deoxidised haemoglobin. Next there appear two black sharply
defined bands, one between D arid E, the other between D (near E) and b.

The liquid remains clear on boiling, and exhibits while hot a shady
spectrum without distinct bands, which, however, reappear on rapid
cooling (Preyer, Chem. Centr. 1867, 692). In this case also the two
bands belong to reduced haematin produced by the free alkali. When
aqueous haemoglobin mixed with hydrate^ and hydrosulphate of potas-
sium is heated to the boiling point, the solution acquires a dark colour,
but dees not exhibit absorption-bands till it has cooled (Hoppe-
Seyler).

When phosphoretted hydrogen is passed through aqueous oxyhaemo-
globin, or through dilute oxygenated blood, the liquid acquires a darker

yellow-brown colour, becomes less transparent, and exhibits the

absorption-spectrum of oxyhaemoglobin less distinctly than before ;

moreover, neither the spectrum nor the colour can be restored by
agitation with air. A continued stream of phosphoretted hydrogen
renders the solution greenish-brown and more turbid, without develop-
ing the spectrum of reduced haemoglobin, or of haematin. After some
hours there is formed a grey precipitate containing blood-corpuscles
free from pigment. These alterations are more striking when the
blood is diluted with a mixture of 1 pt. alcohol and 4 pts. water

;
in

undiluted defibrinated blood they take place slowly, the blood then

assuming a cherry-red-brown colour (Koschlakoff & Popoff, Chem.
Centr. 1867, 696).

Arsenetted and antimonetted hydrogen alter oxygenated, but not
deoxygenated haemoglobin, without separation of arsenic or antimony
(Lewisson, Virch. Arch. 36, 15).

Hemoglobin with Carbonic Oxide. When aqueous haemoglobin is
shaken up with carbonic oxide gas, the whole of the oxygen is expelled
and an equal volume of carbonic oxide absorbed, the solution at the
same time acquiring a light purple-red colour. When carbonic oxide
is passed for some minutes through aqueous defibrinated blood, or
through an aqueous solution of blood-corpuscles, or of oxyhaemoglobin,
the liquid then cooled to 0, mixed with one-fourth its volume of 80
p. c. alcohol, and left to itself for 24 hours at or below 0, crystals of
the compound of carbonic oxide and haemoglobin are obtained. They
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are bluish-red four-sided prisms, apparently isomorphous with the

crystals of oxyhaemoglobin, and larger than the latter.

The crystals dissolve in water less easily than oxyhaemoglobin,
forming a darker and more bluish liquid, the absorption-spectrum of

which, though very much like that of: oxyhaemoglobin, is nevertheless

distinguished by the following characters : 1. The carbonic oxide com-
pound absorbs blue light much less than oxyhaemoglobin ;

2. In the

spectrum of the carbonic oxide compound the absorption-bands between
the lines D and b are situated nearer to b ; 3. Concentrated solutions of

the carbonic oxide compound absorb the least refrangible red rays less

than similar solutions of oxyhsemoglobin.
The moist crystals placed in a vacuum at 90 to 100, give off part

of the absorbed carbonic oxide, amounting to 10'2 cub. cent, at and
1 metre pressure, for 100 gr. of the dry carbonic oxide compound of

haemoglobin, less, therefore, than one-tenth of the quantity absorbed.
Neither the passage of indifferent gases, such as carbonic acid, nor the
addition of hydrosulphate of ammonia, ammonio-ferrous tartrate, stan-
nous tartrate, or ammonio-cuprous chloride, produce any immediate
alteration in the colour, or in the absorption-spectrum. Oxygen also

does not act immediately, but produces carbonic acid after long contact

(Hoppe-Seyler, Tubinger Medic. Unters. 1, 201. Dybkowsky, ibid.

1, 117).

Hydrosulphuric acid does not alter the carbonic oxide compound of

haemoglobin apart from the air, but in contact with air it acts in the
same manner as on oxyhaemoglobin (Lewissori, Virchow's Arch. 36,

15). Potash-liver of sulphur causes the spectrum of the carbonic
oxide compound of haemoglobin to disappear only when that compound
is heated to boiling with a large quantity of liver of sulphur ; the

spectrum which appears on cooling resembles that of oxyhaemoglobin
after similar treatment. The same effect is produced by a large excess

of hydrosulphate of ammonia, which, however, causes the solution to

coagulate (Preyer, Chem. Centr. 1867, 692). See also Nawrocki, (Chem.
Centr. 1867, 690) Phosphoretted hydrogen acts on the carbonic oxide

compound of haemoglobin in the same manner as on oxyhaemoglobin
(Koschlakoff & Popoff).

Haemoglobin with Nitric Oxide. When nitric oxide gas is passed
through arterial blood or aqueous oxyhaemoglobin, the absorption

spectrum of the oxyhaemoglobin remains unaltered, excepting that it

becomes somewhat fainter (Hoppe-Seyler). In this reaction the oxy-
haemoglobin is first deprived of oxygen, and then unites with the

excess of nitric oxide, forming a compound whose spectrum resembles

that of oxyhaemoglobin (Hoppe-Seyler). The nitric oxide compound of

haemoglobin is obtained by passing nitric oxide into deoxygenated
blood, which then acquires a fine crimson colour, or into the aqueous
solution of the carbonic oxide compound, the reaction in this case not

being attended with any alteration of volume. When oxygenated
blood is agitated with baryta- water and nitric oxide gas, it becomes

darker-coloured, from abstraction of oxygen, when a small quantity of

nitric oxide has been taken up, but recovers its fine bright red colour

by absorption of a larger quantity. The compound of nitric oxide and

haemoglobin yields cr3
7stals isomorphous with those of oxyhaemoglobin;

it is not decomposed by hydrosulphate of ammonia (L. Hermann,
Mullers Archiv. 1865, 469 ; Chem. Centr. 1865, 1124. Hoppe-Seyler,
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Tiibinger medic.-chem. TJnters. 1, 204). The latter discovers some peculiarities
in the absorption spectrum of the nitric oxide compound of haemoglobin.

Nitrites colour arterial blood chocolate-brown, and greatly weaken
the absorption-bands of oxyhaemoglobin ;

on the other hand a new
band makes its appearance, coinciding- with that of an acid solution of

haematin. Hydrosulphate of ammonia and ferrous salts restore the

spectrum of oxyhaemoglobin and then exert a reducing action. The
nitrites of soda, potash, silver, and amyl, unite with oxyhaemoglobin,
forming crystals which contain variable quantities of haemoglobin

(Gamgee, Proc. Roy. Soc. 16, 339 ; J. pr. Chem. 105, 287).

Hydrocyanate of HcemogloUn. Haemoglobin to which hydrocyanic
acid has been added crystallises apparently without alteration, but

exhibits, even after several recrystallisations and drying in a vacuum,
an amount of hydrocyanic acid recognisable by distillation with dilute

sulphuric acid. The crystals are more permanent than those of oxy-
haemoglobin, and exhibit the absorption-spectrum of that substance

quite unaltered. In this case also, hydrosulphate of ammonia (or am-
monio-ferrous tartrate) causes the two absorption-bands to disappear,
and develops the band of reduced haemoglobin (Hoppe-Seyler, Tiibinger

medic. TJnters. 1, 206). If the liquid be now heated, it becomes turbid,

and exhibits two absorption-bands resembling those of the carbonic

oxide compound of haemoglobin, but situated nearer to the- violet
; on

passing oxygen through the liquid, the spectrum of reduced haemoglobin
first appears, and then for a while that of oxyhaemoglobin (Preyer).

Aqueous cyanide of potassium, either dilute or concentrated, does

not alter the optical characters of oxyhaemoglobin in the cold, but on

heating the solution to the temperature of the body, it exhibits a

yellowish glimmer and a broad absorption-band, somewhat nearer to

the violet than that of reduced haemoglobin ; after agitation with air,

it does not exhibit the spectrum of oxyhaemoglobin (Preyer). These

appearances are due to the formation of haematin ; they are pro-
duced even in the cold when haemoglobin decomposed with caustic

potash, or alkaline haematin, is decomposed by cyanide of potassium

(Nawrocki, Chem. Centr. 1867, 695). A solution of haemoglobin
warmed with cyanide of potassium, and then mixed with hydrosulphate
of ammonia, exhibits a spectrum with two bands like that of the

carbonic oxide compound of haemoglobin, but after agitation with air

it exhibits the spectrum of reduced haemoglobin (Preyer, Chem. Centr.

1867, 693).

Blood containing prussic acid assumes a dark brown colour on addi-

tion of peroxide oj hydrogen, even if the quantity of prussic acid

present is very small, and exhibits an absorption-spectrum in which
the red alone remains, but the absorption-bands of haemoglobin are

wanting. These phenomena do not occur when peroxide of hydrogen
is first added to the blood and prussic acid afterwards (Schonbein,
N. Repert. Pharm. 16, 605; Jahresb. 1867, 807). See also L. A.
Buchner (N. Repert. Pharm. 17, 534; Annlyt. Zeitschr. 8, 108). Other
acids also, when added in sufficient quantity to produce acid reaction,
cause blood to turn brown after addition of peroxide of hydrogen ; but
in presence of prussic acid the following peculiarities are observed :

a. Blood containing cyanide of potassium and turned brown by
peroxide of hydrogen still exhibits, after 27 hours, the spectrum of
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oxyhaemoglobin, and after acidulation, the absorption-band of an acid
haematin-solution in C. With potash after 24 hours it appears but
little altered, excepting that, together with the spectrum of the oxy-
haemoglobin, the absorption-baud of alkaline haematin becomes faintly
perceptible. When blood containing cyanide of potassium and turned
brown by neutral peroxide of hydrogen, is mixed with ammonio-
ferrous tartrate, the two bands disappear, and an absorption-band
appears, narrower and lying near to the red end of the spectrum than
that of reduced haemoglobin (Huizinga, Anal. Zeitscltr. 8, 233).

Cyanide of potassium causes the spectrum of the carbonic oxide

compound of haemoglobin to disappear, only when the liquid is heated

considerably above 40, the broad band of reduced hemoglobin appear-
ing at the same time. Hydro-sulphate of ammonia then produces a

spectrum with two absorption-bands, which, by agitation with air, is

converted either into that of reduced haemoglobin or into that of the
carbonic oxide compound of haemoglobin. Hydrosulphate of ammonia
acts also in the same manner on the carbonic oxide compound of

haemoglobin containing prussic acid, excepting that after agitation
with air, the spectrum of oxyhaemoglobin is finally developed (Preyer,
Chem. Centr. 1867, 694).

Acetylene unites with haemoglobin, forming a compound which has
the colour of the carbonic oxide compound, and is reduced by hydro-
sulphate of ammonia or ferrous tartrate (Bistrow & Liebreich, Deutsche

Chem. Gesellsch, ], 220).

Hsematin.
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MULDER. J.pr. Chem. 17, 318; Berzel. Jahresler. 19, 661 and 733;
J. pr. Chem. 20, 350. J. p. Chem. 32, 186 ;

Berzel. Jahresber. 25,
876.

SIMON. J. pr. Chem. 22, 109.

v. WITTICH. J. pr. Chem. 61, 11 ; Pharm. Centr. 1854, 345 ; Jahresler.

1854, 692.

R. SCHWARZ. Zeitschr.f. gesammte Naturwissensch. 11, 225; Jahresber.

1858, 561.

A. KOLLET. Wiener. Acad. Ber. 48, 223 ; Chem. Centr. 1864, 364 ;

Jahresber. 1863, 644.

HOPPE-SEYLER. Virchows Archiv. 29, 235 and 597; Jahresber. 1864,
653. Tubinger medic.-chem. Unters. 1, 297 and 379 ; Deutsche chem.

Gesellsch. 3, 229.

Hcematosin of Clievreul and Leeanu. Blood-colouring matter or Blood-red of

the older chemists.

Produced from oxyhsemoglobin, together with albuminous sub-

stance, by the action of acids or alkalis. Does not occur ready
formed in the blood of vertebrate animals (Hoppe-Seyler).
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Preparation. Hydrochlorate of hsematin is produced by treating

haemoglobin with common, salt and a large excess of glacial acetic

acid
; the crystals are dissolved in ammonia-water ;

the solution eva-

porated to complete dryness ;
and the residues heated for a considerable

time to 130, then exhausted with water and dried (Hoppe-Seyler.)
According to later statements of Hoppe-Seyler, heematin thus prepared
has undergone partial alteration.

Lecanu drops sulphuric acid into defibrinated blood diluted with its

own weight of water ; suspends the resulting magma in alcohol ;

presses the residue ;
and boils it with alcohol containing sulphuric acid.

The solution when quite cold is filtered, supersaturated with ammonia,
again filtered and evaporated, after which the residue is washed with

water, alcohol and ether, and dissolved in ammoniacal alcohol
;
the

solution is filtered and evaporated ;
and the residue is washed.

Simon boils dry blood previously exhausted with boiling ether, with
alcohol containing a little sulphuric acid ; supersaturates the alcoholic

tinctures with ammonia
;
leaves the sulphate of ammonia to settle ;

filters ; distils off the greater part of the alcohol ; evaporates ; pul-
verises the residue ; frees it from fat and hsemrephaein by ether, and
then from admixtures soluble in water and in alcohol.

Berzelius separates the blood-corpuscles by mixing blood with

strong solution of Glauber's salt ; collects them ;
boils them with alcohol

containing sulphuric acid
;
mixes them while still warm, with caustic

ammonia or carbonate of ammonia ; then filters and distils till only T
x

is left: the remaining liquid then deposits hsematin, still requiring
to be freed from fat by ether. The same process is adopted by
Mulder.

v. Wittich agitates defibrinated blood with ether gradually added
as long as it is taken up, and separates the lower cherry-red layer
which forms after some minutes, from the supernatant coagulum by
filtration. The resulting solution of haematoglobulin, or even fresh

defibrinated blood, mixed with a very strong solution of carbonate of

potash, deposits hgematin as a dingy red clofc, which is separated by
filtration, dried completely at a temperature not exceeding 50, pul-
verised, stirred up with absolute alcohol, and left in contact with it for

a few days at a temperature below 50. The liquid must be filtered

in the cold, as otherwise globulin will remain dissolved
;
the alcoholic

solution evaporated; the dry residue freed from fat by ether, then
dissolved in water ; and the hsernatin precipitated by acetic acid or by
mineral acids.

Properties. Amorphous, dark greyish-blue, metallically lustrous

mass, triturable to a brown powder, with brown streak (Hoppe-Seyler).
Scentless and tasteless.

96 C ...
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analysis of Hsemin (p. 402). In a further communication, Hoppe-Seyler (Deutsche
Cliem. Gegelbck. 3, 231) gives tlie formula C^IPWO 10

,
which requires 64'35

p. c. C. (!), 8-83 N., 5-36 H., 8'83 Fe., and 12'62 O.

On account of the presence of hsematin, extract of blood prepared
with hot alcohol free from acid absorbs most strongly the violet light,
and least strongly the extreme red of the spectrum to a little beyond
the line B. Rather dilute solutions exhibit a well defined absorption-
band covering the line C, and ultimately faint bands appear also in the

green. Ammoniacal ha3inatin in a solution containing 15 rnilligr. in 100
cub. cent., and a centimetre thick, exhibits an absorption-band between
the lines C and D, nearer to C than to D. Stronger solutions transmit

light only from a little before a to beyond B ; on dilution, the beginning
of the spectrum also shows itself to before A (Hoppe-Seyler).

From diluted blood mixed with acetic acid or other acids, an equal
volume of ether takes up nearly all the haematin. This solution
exhibits very distinctly three absorption-bands, one covering the line

C, a second situated in the green before C, and a third, less sharply
defined, between b and F (Nawrocki, Chem. Centr. 1867, 690).

Decompositions. 1. Haematin does not alter at 180, but becomes
carbonised without tumefaction at a stronger heat, and when burnt in

the air, leaves 12-8 p. c. ferric oxide (Hoppe-Seyler). 2. Strong
nitric acid dissolves haematin with brown colour, giving off red

vapours, and decomposing it (Lecanu ; Mulder). Oxalic acid and a

yellow resin are formed in this reaction (Hoppe-Seyler). Peroxide of

lead decolorises the solution in alcohol containing sulphuric acid

(Mulder).

3. The addition of reducing substances, especially of ferrous tartrate

or stannous oxide to alkaline haematin alters the spectrum, developing
two bands somewhat farther from D than in the spectrum of oxy-
haemoglobin ; by agitation with air, the spectrum of brown oxidised
haematin is reproduced (Stokes, Phil. Mag. [4], 28, 391 ; Chem. Centr.

1865, 412).
Haematin may also be reduced by sodium amalgam, zinc and soda-

ley, tin and hydrochloric acid, hydrogen being taken up and the com-

pound C^N4!!3^) 12
produced ;

in strong solutions a resin is also formed.
Tin and alcoholic hydrochloric acid quickly produce a purple body,
which is precipitated with brown colour by water (Hoppe-Seyler).

f The action of tin and hydrochloric acid on haematin in presence of

alcohol, is different accordingly as the haematin is fully dissolved or

not. When a concentrated solution, or a solution containing excess of

haematin is heated on the water-bath with tin, copper, or zinc, a purple-
red solution is formed, and after some time a resinous dark violet pre-

cipitate. The solution is characterised by two dark absorption-bands
between D and E. When haematin or haemin-crystals dissolved in

alcohol containing sulphuric acid are decomposed by hydrochloric acid

and tin, and heated, a purple solution is formed, which also has a
characteristic spectrum, exhibiting one band between D and E, another

just before D, and another broad band between b and F, covering the

latter line. When the evaporated solution is poured into boiling water,
a brownish precipitate is formed soluble in alcohol ; and the resulting
solution yields a colouring matter which appears to have the composi-
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tion CN3H"C10M. Analysis 63-57 p. c. 0., 6-61 N., 7-68 H., 4-76 01. ;

calc. 63-10 p. c. C., 6-50 N., 7-58 II., 5-49 Cl, and 17-33 0. (Hoppe-
Seyler, Med.-chem. Unters. 1871, 523}. t

4. By prolonged boiling of hsematin with moderately dilute sul-

phuric acid, leucine and tyrosine are obtained (Lever & K oiler. Ann.
Pliarm. 83, 532).

When a mixture of hsematin with a large quantity of oil of vitriol

is left to itself for several days and then diluted with water, the dark

precipitate still contains about 5 p. c. ferric oxide, but a second treat-

ment with oil of vitriol for several days removes almost all the iron.

The resulting dark violet non-ferruginous hsematin (C^N'EPK)
1

*, accord-

ing to Hoppe-Seyler) contains at 120, 68-85 p. c. C., and 5-92 H.

(Mulder).
In this case Mulder appears to regard the product as free from

sulphuric acid, whereas by the following process he obtained a com-

pound containing sulphuric acid. Dried ox-blood drenched with a

large quantity of oil of vitriol and left to itself for several days, swells

up and continuously gives off sulphurous acid. On carefully diluting
with water, collecting that which separates, boiling it successively
with alcohol containing- sulphuric acid and with pure alcohol, and

evaporating the extracts to dryness after addition of ammonia, there

remains a mass which may be freed from foreign constituents by suc-

cessive treatment with water, ether, and alcohol, and from which the

non-ferruginous colouring matter may be extracted by alcoholic am-
monia. The alcohol is distilled off from the dark red tincture and the

residue is washed with water. It is red-brown, shining, lighter
coloured than hsematin ; contains sulphuric acid and 57'6 p. c. C.,

6-95 H., 12-42 N. The same non-ferruginous hsematin, with 4-42

p. c. SO3
,
is obtained from the water used for diluting the blood which

has been treated with oil of vitriol.

Lecanu also found that oil of vitriol and likewise sulphuric acid

diluted with 6 pts. water, withdraw iron from hsematin, but he did not

obtain a product free from iron. Scherer (Ann. Pharm. 40, 30) pre-

pared from a blood-clot treated with oil of vitriol, a deep blood-

red alcoholic solution, which, when evaporated to dryness and

incinerated, did not leave any iron. Iloppe-Seyler (Ttibinger medic.-

chem. Unters. 1, 300) describes the non-ferruginous product obtained

from oil of vitriol and hsematin as a sulphur-compound difficult to

decompose. The solution of hsematin in oil of vitriol, or that of non-

ferruginous hsematin in dilute ammonia, exhibits a spectrum different

from that of hgematin, and further altered by hydrosulphate of am-
monia or cyanide of potassium (Iloppe-Seyler). The spectrum of non-

ferruginous hsematin is likewise exhibited by solutions of hsematin in

alcohol containing a large excess of sulphuric acid (Koschlakoff &
Popoff, Anal. Zeitschr. 6, 495).

When hsematin is dissolved in alcohol containing a large quantity
of sulphuric acid, the spectrum exhibits, instead of the absorption-
band C, two new bands, namely a narrow band to the left of the
line D, and a broader one between D and E, both belonging to the acid

solution of non-ferruginous hsematin. On supersaturating the solution

with ammonia, there appear, in place of these two bands, four new
ones, two broad and two narrow, the former situated to the right
of D and the right of E, the latter in C and in the middle space between
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the two broader bands. Solutions of this kind are likewise obtained

by dissolving hgemin in oil of vitriol and precipitating with water

(Popoff, Chem. Centr. 1867, 698).

^T Hcemnloporjili //r/'/i, and Il&matolin. When a solution of haematin
in oil of vitriol is filtered through asbestos, a beautiful purple-red solution

is obtained, which gives a small dark absorption-band just before the

line D, and another very sharply denned band between D and E.

When this solution is mixed with water, the greater part is precipi-

tated, the precipitate being increased by addition of alkalis to neutralisa-

tion. The alkaline aqueous solutions of the precipitate are characterised

by a faint band between C and D, a similar faint band between D and E,
nearer D, a dark band in the same interval but nearer E, and lastly,
a very dark band between b and F. This substance, licematoporphyrin,
is free from iron, and gives by analysis 68*42 p. c. C., 9*58 N.,
6-07 II., 15-93 0., agreeing nearly with the formula C^N'IPO12

,
or

C68N4I135 io
?2HO, which requires 68-34 p. c. C., 9*38 N., 6'20 H., 16-08 0.

Its formation requires the presence of oxygen, and is represented by
the equation

2HS04 + O2 = C68N4H?70 12 + 2FeSCM.

When on the other hand hsematin is acted upon by sulphuric acid

in closed vessels, hceniatolin C68N4H39 7 is formed, which is but very

slightly soluble in sulphuric acid and very slightly soluble in caustic

potash. Composition by analysis, 72*94 p. c. C., 10-02 N., 6'95 II.,

10-09 0. ; by calculation, 72-98 C., 10-02 N., 6-98 H., 10-02 0.

When hsemin crystals (p. 400) are heated with trichloride of phos-

phorus containing free phosphorus to 140 in closed tubes for six or

eight hours, a purple-brown liquid is formed, which gives a spectrum
with three absorption-bands, one between C and D close to C, a second

between D and E nearer E, and a third between b and F, beginning
from b and extending to the middle between b and F. No gas is

evolved on opening the tube, but an easily separable crust forms on

the sides. This substance is partly soluble in water, the solution

giving the same spectrum as that of hsematoporphyrin. From the part

insoluble in water a substance is obtained resembling heematin ; it con-

tains phosphorus and gives by analysis, 52-67 p.c. C., 7-48 N., 5-11 II.,

8-02 P., 26-72 0. : hence its formula appears to be C^NWPW, or

C68N4HM 10.2PHI 8
(calc. 52-78 C., 7-24 N., 5-05 H., 8-02 P., 26-91 0).

The agreement of the spectrum of this substance with that of hsemato-

porphyrin seems to show that the latter consists of C88N 4II35 10
.2HO,

or that it is a hydrate of the same molecule as that contained in

the phosphorus-compound (Hoppe-Seyler, Med.-chem. Unters. 1871,

523). IF

5. Dry hsematin introduced into chlorine gas takes up half its

weight of chlorine, without giving off hydrochloric acid, and acquires

a dark green colour ; the resulting compound (containing 43'61 p. c. C.,

3-40 II.) dissolves in alcohol, forming a neutral, bile-green precipitate

which turns red when heated with hydrosulphate of ammonia, and

straw-yellow when boiled with potash (Mulder). Hsematin sus-

pended in water is decolorised by a stream of chlorine, white flocks

being separated, while ferric hydrochlorate remains in solution with

only a small quantity of organic matter. (Lecanu ; Mulder.) The flocks
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heated to 100 give off chlorous acid and dry up to a non-ferruginou3
straw-yellow powder containing 36-87 p. c. C., 3-01 EL, 5*89 N., 29-42 01. ;

this powder dissolves in oil of vitriol with evolution of gas and then

blackens, dissolves in nitric acid without colour, in cold aqueous
ammonia, in potash-ley with red colour, easily in alcohol and' ether

(Mulder). Solutions of haematin in alcohol containing sulphuric acid

or ammonia become dark green when chlorine gas is passed through
them, then yellowish bile-green, and finally colourless (Mulder).

6. Haematin heated with strong alkalis, or with a large quantity of

ammonia, is converted into a body whose solutions are dark red in

comparatively thick, dirty olive-green in thinner layers ;
it dissolves

also with the same colour in alcohol containing sulphuric acid. These
solutions do not yield any more crystals of haematin, and when mixed
with hydrosulphate or stannite of ammonia, they do not exhibit the

absorption-bands of reduced haematin. When haematm is evaporated
to dryness with excess of ammonia, and the residue is dissolved in

alcohol containing sulphuric acid, the resulting solution exhibits the

spectrum of unaltered haematin, faint and diffuse, but not that of

reduced haematiri after addition of hydrosulphate of ammonia (Hoppe-
Seyler). More recently Hoppe states that even boiling concentrated

potash-ley is not capable of decomposing haematin.

When phosphoretted hydrogen is passed into ammoniacal haematin, the

liquid becomes greenish, and the absorption-spectrum disappears, but
is not replaced by that of reduced haematin. Acid solutions of ha>matin
are likewise decomposed but more slowly (Koschlakoff & Popoff, Chem.
Centr. 1867, 696).

Haemin crystals dissolved in ammoniacal water, or a similar solution

of hsematin prepared by Wittich's method, exhibit, after addition of

ferrous or stannous oxide, the two bands of reduced haematin, mostly
very faint but not disappearing on agitation with air. The same two
bands are exhibited by the ethereal solution which is obtained by
shaking the ammoniacal liquid with glacial acetic acid and ether for

24 hours ; afterwards the three bands of the normal haematin solution

make their appearance. Alkaline haematin mixed with hydrosulphate
of ammonia exhibits the same absorption-spectrum as haemoglobin
when similarly treated ; ether does not take up anything from this

solution after addition of acetic acid (Nawrocki, Chem. Centr. 1867,
690).

Combinations. Haematin is insoluble in water.

Hydriodate of Hcematin. When the chloride of sodium to be used
in the preparation of haemin is replaced by iodide of potassium,
iodated crystals are obtained resembling haemin (Hoppe-Seyler).

Hydroclilorate of Hcematin. Strong hydrochloric acid, according to Lecanu,
withdraws iron from hsematin, and according to Mulder, does not dissolve it even
on boiling. In hydrochloric acid gas, haematin assumes a reddish violet colour, takes

up 6 to 13 p. c. hydrochloric acid, and then dissolves in alcohol (Mulder).
The hcemin crystals, first described in 1853 by Teichmann (Zeitschr.

f. rationelle Mcdicin. neue Folge 3, 375), were recognized by Hoppe-
Seyler as hydrochlorate of hagmatin.
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Preparation. Defibrinated blood strained through linen is mixed
with a large excess of solution of common salt, prepared by mixing
1 vol. of a saturated salt solution with 9 vol. water ; the blood-

corpuscles are left to settle down in the cold ; the liquid is de-
canted

;
the pulp of blood-corpuscles shaken up with ether; the

ethereal layer poured off; and the filtered aqueous solution dried
at 50. The pulverised and sifted residue is triturated with glacial
acetic acid, and introduced into a flask with so much of the same
acid that 2 litres of glacial acetic acid shall be present for every
100 gr. of the pulverised blood-corpuscles. The liquid is then warmed
in the water-bath slowly and with agitation, kept for some hours at a

temperature near 100, and filtered, whereupon a mixture of haemin

crystals and tumefied albumin remains on the filter, and a solution runs

off, which may be used for the preparation of fresh quantities of pul-
verised blood-corpuscles. The contents of the filter are suspended in

water, and digested for some hours on the water-bath till the albu-

minous substances are dissolved
;
and the solution is left to itself for

some days till the haemin crystals have settled down, and then decanted.
The crystals, washed by frequently pouring water upon them and de-

canting, are again digested for some hours with glacial acetic acid at

100, collected after standing for some days in contact with the acetic

acid, and washed with water, alcohol, and repeatedly with ether. To

recrystallise them, they are triturated with diy carbonate of potash and

alcohol, and left for a day ;
the liquid is filtered ; the filtrate mixed

with an equal volume of water and with glacial acetic acid ;
and the

haematin which precipitates in flocks is collected, washed, and recon-

verted into haemiu, by digesting it, without previous desiccation, with pul-
verised common salt and excess of glacial acetic acid. The abore is J. Gwos-
dew's method (Wien. Acad. Ber. 53, 683; Jahresber. 1866, 746) modified by
Hoppe-Seyler Gwosdew himself triturates dried defibrinated blood with pt. car-

bonate of potash ; digests it at 40 50 with alcohol of 93 p. c. ; filters ; dilutes ;

precipitates with acetic acid
;
dries the brown flocks at 100 ; triturates them with

jr pt. common salt and 20 to 30 pts. glacial acetic acid ; and digests at 60, where-

upon the crystals separate out. Hoppe-Seyler did not obtain any hsemin crystals
fi om dried hteniatin by treating it with common salt and glacial acetic acid. See

also (Tubinger medic.-chem. Unters. 1, 297).

Or : blood or blood-corpuscles which have been immersed in salt-

water, are coagulated by immersion in alcohol or boiling water ; the

coagulum collected on a filter is drenched, while still moist, with alcohol

containing sulphuric acid ;
the liquid is wanned for a while ;

and the

brown filtrate (Lecanu's haematin-solution) is mixed with saturated

acetate and carbonate of soda till the solution exhibits only a faint acid

reaction, and the haematin has separated, which separation may be

accelerated by adding water and distilling off the alcohol. The brown

precipitate collected and washed serves for the preparation of haemin

crystals (Hoppe-Seyler).
ILemin forms violet-grey, metallically lustrous, glittering, very

thin, rhombic crystalline plates, which appear brown by transmitted

light, and make a coffee-coloured streak on porcelain. Tt does not alter

at 200 ; glows when more strongly heated in contact with the air,

giving off a large quantity of prussic acid without intumescence, and

leaving ferric oxide. Dissolves in oil of vitriol without evolution of

gas, forming a violet-red liquid which gives off hydrochloric acid when

heated. It is not attacked by nitric acid of sp. gr. 1-2 in the cold, but

completely decomposed at 100. Does not dissolve in water either hot

STOL. xvui. 2 D
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or cold
;

is nearly insoluble in strong hydrochloric acid and glacial

acetic acid in the cold, but dissolves more abundantly when heated.

Dissolves with decomposition in aqueous ammonia and caustic fixed

alkalis, and the precipitate thrown down from these solutions by acids

no longer yields crystals of hsemin with common salt and glacial acetic

acid. Nearly insoluble in aqueous carbonate of soda, quite insoluble

in alcohol and ether, but dissolves easily in alcohol which has stood

over carbonate of potash (Hoppe-Seyler).
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liquid becomes colourless, and does not contain in solution any organic
substance, or iron (Mulder).

An alkaline solution of haematin mixed with cyanide of potassium
has a peculiar brown colour, and exhibits peculiar optical characters,
but yields unaltered haematm when treated with acids (Hoppe-
Seyler).

Hsematin is insoluble in cold, somewhat soluble in boiling alcohol,

easily in alcohol containing sulphuric, hydrochloric (Lecanu), nitric,

arsenic, or acetic acid, or in alcohol on addition of carbonate of am-

monia, fixed alkaline carbonates, borax, or acetate of soda (Simon).
The alkaline alcoholic solution becomes green when boiled, but does
not deposit anything (v. Wittich). It is insoluble in ether, acetic ether,

volatile oils, fied oils, and sulphide of carbon (Lecanu ; Simon). Dissolves
with brown colour in creosote (Simon). Mulder's hamatin dissolves in oil of

turpentine, and in olive oil. Dissolves slightly, with brown colour, in

glacial acetic acid, especially on boiling (Hoppe-Seyler) ; the solution is

precipitable by water (v. Wittich).

^[ Hcemochromogen. From the most recent experiments of Hoppe-
Seyler (Med.-chem. Unters. 1871, 523), it appears that haematin is not a
direct product of the splitting up of haemoglobin, but results from such
a decomposition accompanied by oxidation. This oxidation takes place,

however, so rapidly, that it is only by special precautions that the

non-oxidised products can be obtained. When, however, a solution of

haemoglobin is reduced by hydrogen and decomposed by alcohol con-

taining sulphuric acid or caustic potash, in an apparatus from which

oxygen is completely excluded, a colouring matter is produced, which
is acid, has a purple-red colour in alkaline solutions, and is charac-

terised by certain definite absorption-bands. It is this substance,

hcemochromogen, which yields haematin by oxidation.

It has not yet been isolated, or regenerated by reduction of

hsematin, but its spectrum agrees generally with that of reduced

hsematin (p. 397). Hoppe-Seyler supposes it to have the composition
C 34N2H 18Fe05

,
and represents the formation of haematin from it by the

equation
2O = C68N4H34Fe2O 10

,2HO. V

Appendix to Hcematin.

Blood-crystals of doubtful Nature. Haematoidin.

Erythrosin.

Crystals obtained by the following processes cannot be referred

with certainty, either to haematin or to haemoglobin, and are, perhaps,

hydrochlorate of hsematin.

a. When blood is kept at about 30 in contact with air which has

been filtered or ignited, so that no putrefaction takes place, it becomes
darker and filled with numerous brown and red blood -crystals, the

corpuscles at the same time disappearing (Pasteur, Compt. rend. 56,

739).
-2 D 2
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5. R. Schwarz's Hcematin. When the clot of ox-blood, comminuted
and freed from serum, is pressed ; the liquid which runs off, shaken up in

small portions with saturated aqueous oxalic acid, with addition of alcohol

and a large quantity of ether ; and the dark-brown liquid decanted

after some minutes, then mixed with chloride of calcium and set aside

for several weeks, there are formed, together with oxalate of lime,
small black druses consisting of cubes, which may be freed from lime

by dilute hydrochloric acid. Horse-blood thus treated yields, after

partial evaporation and standing, small reed-like or spindle-shaped

crystals, red-brown by transmitted light. On distilling off a third part
of the ether, and mixing the remaining liquid with a large quantity of

water, black-brown flocks are deposited, which may be purified by
washing with water, boiling with concentrated acetic acid, again
washing with water, alcohol, and ether, and, finally, with water.

In this manner, also, the above-described crystals may be purified.
Scentless and tasteless, amorphous or crystalline mass, which, when

burnt, leaves ferric oxide with small quantities of phosphate of lime.

Insoluble in oil of vitriol or concentrated hydrochloric acid, easily
soluble in acidulated alcohol, also in weak alkaline or ammoniacal

water, and precipitable from the latter solution by lead, copper, or

silver salts. The solution in acidulated alcohol is decolorised by boiling
with peroxide of lead.

Insoluble in water, cold alcohol, and ether, and precipitated by water
from its solution in acidulated alcohol (R. Schwarz, Zeitschr. f. gesammte
Naturwissmsch. 11, 225; Jahresber. 1858, 561).

E. Sclrsvarz.

46 C 276



HjEMATIN. 405

hydrochloric acid, they react like hydrochlorate of haamatin (Rollet,
Wien. Acad. Ber. 48, 223; Chem. Centr. 1864, 364; Jahresber. 1863,

644).

d. Virchow's Hcematoidin. This substance frequently observed in

decomposed blood and in old extravasations, occurs, sometimes in the

amorphous state in granules, spherules, and jagged masses, sometimes
in well-defined monoclinic crystals having the form of obliquely trun-
cated prisms not unlike those of gypsum, frequently also approaching
to the rhombohedral form, often also in needles. They are strongly
refractive and transparent, of yellow-red, red, or ruby-red colour,
insoluble in water, alcohol, ether, acetic acid, and dilute mineral acids ;

the smaller crystals were often seen by Lehmann (Lehrb. d.Physiol. 1, 291)
to be dissolved by alcohol containing sulphuric acid or ammonia, and

precipitated on neutralisation. According to Virchow, concentrated
alkalis and mineral acids do not act in the same manner on all specimens
of haematoidin ; on addition of potash, the mass generally assumes a

glowing red tint, gradually becomes porous, and splits up into red

granules which gradually dissolve ; the substance is not reprecipitated
on neutralising the alkali.

Under the influence of strong mineral acids, especially of sulphuric

acid, the sharp contours of the crystals disappear, and the colour of

the roundish concretions gradually changes to brown-red, then to

green, blue, and rose-colour, and finally degenerates into a dirty

yellow. In the acid liquid produced by the decomposition of haema-

to'idin, iron may often be detected, often not.

Ch. Robin and Mercier (Gaz. med. 1855, 44, 46, 48, 49 ; Jahresber.

1855, 738) found in a hydrated cyst of the liver, oblique prisms of haema-
toidin with rhombic base (angles = 118 and 62 ) and needles, in-

soluble in water, alcohol, ether, glycerin, volatile oils, and acetic acid,

easily soluble in ammonia, less easily in potash or soda. Nitric acid

also dissolved them quickly, hydrochloric acid less quickly, sulphuric
acid not at all. When burnt, they gave off the smell of burning horn.

They contained, according to two analyses, 0*0002 p. c. ash (no lime,

traces of alkali-salts, and a considerable proportion of iron), and
further consisted of 65-0 to 65*9 p. c. C., 6*4 to 6:5 If., 10'5 N., and
17-2 to 18-0 0., without sulphur or phosphorus. From these numbers.

Robin calculates the formula CUNH9 3
(64-1 C., 6-9 H., 10'7 N.).

Stadeler proposes the formula C^NWO6
(calc. 65'7 C., 6-6 H., 10'2 N.,

17-5 0.).

See further (Handluoh. yiii., 140 \ Lehmann's Physiological Chemistry, i. 303 ; iii.,

472).

Haematoidin is regarded by Jaffe and others as identical with bili-

fulvin (p. 70), a view which is questioned by Stadeler, on account of

the reaction of haemato'idin with nitric acid observed by Robin.

The body described as haemato'idin by Holm (infra} is undoubtedly
different from the colouring matters of bile, especially from bilirubin,

but probably also from the haemato'idin of Virchow, Jaffe and Sal-

kowski, inasmuch as it was obtained from Corpus luteum. It is here

described as haemolutein (p. 413). Haematoidin from an apoplectic
brain was observed by Holm to dissolve in chloroform with yellow

colour, changing to light-green after exposure to light for a few days.
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Salkowski (Tubinger medic.-chem. Unters. 1, 436) obtained from a
strumous cyst, microscopic, well developed rhombic tablets, which dis-

solved sparingly in ether, easily and with golden-yellow colour, in

chloroform. These solutions were decolorised by agitation with weak

soda-ley, the colouring matter passing into the alkaline liquid. The
alkaline solution gives with nitric acid a very transient blue colour, and
becomes green on exposure to the air.

According to this, the body produced from decomposed blood-red

exhibits the reactions of bilirubin. On the other hand, if the colouring
matter of the ovary be regarded as a separate substance, namely, hgemo-

lutein, the existence of hsematoidin as a distinct colouring matter

becomes doubtful.

Sanson (/. Pharm. 21, 420) obtained from ox-blood, besides the red

colouring matter, a yellow, a blue, and a brown colouring matter. The
the first of these is probably identical with Simon's H&mophein (N. Br.

Arch. 25, 51), a body which imparts a yellow or brown colour to serum
and to fat prepared from blood. The blue colouring matter, Simon

(N. Br. Arcli. 29, 139) was unable to find; according to Gmelin, it pro-
ceeded from the filter-paper used.

The ureters of the ox contain a body which acquires a beautiful

violet colour on exposure to the air. When the ureters freed from fat

are triturated with pounded glass and exhausted with alcohol, the

liquid evaporated and precipitated with neutral acetate, then with basic

acetate of lead, and the filtrate with cupric acetate, cuprous oxide and

hypoxanthine are thrown down, and a dingy purple liquid is obtained,
which is to be freed from metals by sulphuretted hydrogen, then

filtered and concentrated. The colouring matter then separates as a

violet film, which dissolves with yellow colour in dilute mineral acids

and in hot dilute acetic acid, and is precipitated in violet flocks by am-
monia. This colouring matter is insoluble in aqueous alkalis, alcohol,

ether, sulphide of carbon, chloroform, and benzene (Holm, J. pr. Chem.

106, 150).

e. Stadeler's Erythrosin. By dissolving tyrosine in nitric acid and

evaporating, there is obtained besides colourless needles of nitrate of

tyrosine a red-brown residue, the formation of which is completed by
repeated stirring with water and evaporation. This colouring matter

resembles hsematin or haematoidin. After washing with water and

drying, it is amorphous, dark red-brown, insoluble in the ordinary

solvents, easily soluble in alcohol containing sulphuric acid, and partly

precipitable from this solution by ammonia. The solution then remains

coloured, appearing greenish by transmitted, red and opaque by re-

flected light. On evaporating the ammoniacal solution, the erythrosin
remains as a dark brown substance, slightly soluble in water, insoluble

in alcohol and ether, easily soluble in acidulated alcohol and in aqueous
alkalis. The alkaline solutions are brown-red or dark violet, and
become green when heated in contact with the air (Stadeler, Ann.
Pharm. 116, 87).
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Colouring Matters of Urine.

1. The occurrence in normal and morbid urine, of an indigo-forming
substance indican according to Schunck (xvi, 1), has been demon-
strated by Schunck, Carter, and lately with certainty by Hoppe-Seyler
(Arch, pathol. Anat. 27, 388). This substance imparts to urine the

property of either depositing indigo, or of acquiring a violet or blue

colour, when left at rest after being heated with nitric or hydrochloric
acid.

As identical with this indigo-blue, or, at all events, as a product of
the decomposition of indican, the following colouring matters of urine

may be more or less confidently regarded.
a. The Cyanurin of Braconnot (Ann. Chim. Phys. 29, 252 ; Schw.

46, 340). It is a blue nitrogenous powder, which dissolves in dilute

acids, even in organic acids, with brown-yellow to red colour, and is

reprecipitated with blue colour by ammonia, lime-water, carbonate of

lime, or carbonate of magnesia. b. The Cyanurin of' A. Spangenberg
(Schw. 47, 487), which dissolves with blue colour in boiling alcohol and

ether, and is reprecipitated by water. c. The blue urinary sediments,
observed by Simon (J. pr. Chem. 22, 120), Sammola (J. Chim. med. 23,

419), Reinsch (Jahrb. pr. Pharm. 8, 93), Dumesnil (N. Br. Arch. 39,

48), Bouchardat (N. J. Pharm. 2, 539)r and others. d~ Urine-blue,
the urocuanin of Martin & Buchner (N. Br. Arch. 81, 62) which reacts

in other respects like indigo-blue, but dissolves in boiling alcohol.

e. The urocyanose of Fordos, which crystallises in right prisms of a
fine blue colour.

Respecting the detection of indican, according to Schunck and

Carter, see xvi, 1.

Scherer (Ann. Pharm. 57, 180195) and Heller (Hellers Archiv.

1845, 161 173) found, especially in Brightean urine, a highly car-

bonised pigment, which when dried had a coppery lustre like that of

indigo, and dissolved in alcohol with splendid purple-blue colour.

Virchow (Verh. d. physik.-med. Ge$. zu. Wiirzburg, ii. 303, 308)
who had formerly noticed Braconnot's cyanuriu (Arch, p.path^ Anat. i,

423), observed that the clear urine of a boy suffering from paina in the

bladder and incontinence of urine, deposited, on exposure to the air, a

flocculent sediment, which gradually turned blue, and then separated as

a deposit consisting of slender radiate needles of an indigo-blue colour,

mostly grouped in stars^ and indifferent towards the strongest chemical

reagents. It dissolved in strong alcohol, forming a deep-blue liquid.

In a second case, Virchow found that the urine of a man suffering
from very advanced granular atrophy of the kidneys, yielded, when
boiled with hydrochloric acid (or with nitric, but not with acetic acid)

a dark blue or violet sediment, resembling the former in every respect :

continued boiling with the mineral acid appeared to destroy the colour-

ing matter. The substance collected on a filter dissolved partially in

ether, with violet-red colour, the remainder in absolute alcohol with fine

blue colour. The entire substance gave, with alcohol, solutions whose

colour sometimes inclined to blue, sometimes to reddish-violet or

brownish. The crystals were not altered by alkalis; when treated

with potash, under the microscope, they assumed a fine indigo-blue

colour, and became somewhat more transparent, but otherwise resisted
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the action of the alkali. The sediment dissolved partially, with pale-

yellowish colour, in ammonia, but the crystals remained undissolved as

a brownish precipitate. But urine which yielded this pigment when
heated with mineral acids, always passed into acid fermentation,
attended with abundant formation of fungi, and assumed a deep yellow-
brown colour when heated with potash and cupric sulphate. The blue

crystals had the form of Heller's uroglaucin (Hell. Arch. 1845, Taf. I,

figs. 4 and 5). Martin's urocyanin, which occurs especially in affec-

tions of the lungs and liver, is, according to Virchow, identical with
Heller's uroglaucin. The statement of Heller that the urine in Bright's
disease and in cholera is coloured blue on addition of a large quantity
of strong nitric acid, has been confirmed by Lehmann (Physiological

Chemistry, ii, 428), who, however, observed that this change of colour

takes place only when urgemic symptoms have already set in.

Arthur Hill Hassall (Phil. Mag. September, 1853; Chem. Gaz.

1853, 335 ; 1854, 320) prepared from diabetic urine a blue substance

"possessing all the characters of indigo." II. v. Scherer (Ann. Pharm.

xc, 120 123) by mixing urine with a large quantity of mineral acid,

whereupon the urine gradually assumed a darker colour, obtained a

blue pigment, which, when washed and dried, formed a deep blue

powder with copper-red streak, insoluble in cold and in boiling water,
in dilute acids, and in alkalis, but soluble with blue colour in boiling

alcohol, and more easily in ether. The substance sublimes at 180,
for the most part undeconiposed, in purple, shining, translucent prisms,
which are insoluble in water, alcohol, and ether, and are undistin-

guishable from sublimed indigo. The substance is nitrogenous and
rich in carbon ; dissolves completely in strong sulphuric acid, with dark
blue colour, like indigo. It is decomposed by chlorine, not bleached

by sulphurous acid alone
; forms a yellow solution with moderately

strong nitric acid at the boiling heat. Ferrous oxide, sulphurous acid,

sulphide of ammonium, &c., bleach the colouring matter in presence of

alkalis or alkaline earths ; atmospheric air or hydrochloric acid restores

the colour of the substance in alkaline solution.

When normal urine is mixed with a small quantity of carbolate of

ammonia, and then with nitric acid, it assumes a fine blue colour. The
pigment thus formed exhibits the same reactions as one which occurs
in the urine of cholera patients (see above), and is Parisel's urocyanin
(Parisel, Anal. Zeitschr. 7, 398).

2. A red, urinary pigment is to be regarded, according to Schunck
and Carter, as indirubin (xvi, 7). Fordos (J. Pharm. Chim. [4] 4, 163),
who designates this red as uro-erythric acid, obtains it by mixing
urine with half its volume of hydrochloric acid, setting the liquid aside
for half an hour, and agitating with ether or chloroform. The red

pigment dissolves more easily than the blue, in alcohol, chloroform,
and benzene.

Harley (Pharm. J. Trans, xii, 243) evaporated urine to a syrupy
consistence over the water-bath, continually removing the salts which
separated, and added milk of lime to the boiling alcoholic extract of
the residue till it was completely decolorised. The dried Compound of
lime and colouring matter was treated with hydrochloric acid and
alcohol ; the colouring matter was abstracted from the alcoholic solu-
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tion by ether ; and the ethereal solution freed as completely as possible
from mineral substances and resin by water. The dry pigment (uro-

hcematiti) forms a dark-red mass, which dissolves in alcohol and ether
with splendid red colour, and contains iron. Iron was found, not

only in the colouring matter of human urine, but also in that from the
urine of oxen, horses, sheep, and pigs.

3. Attempts to isolate the normal pigment of urine have been made
by Heller, Morin (Ann. Chim. Phys. 61, 13), Scherer, Harley, Schunck,
and Thudichum.

Scherer (Ann. Pharm. 57, 180) precipitated fresh urine with nitrate
of baryta ; mixed the filtrate with neutral acetate of lead as long as a

precipitate was formed ;
and treated the liquid filtered from this lead

precipitate with basic acetate of lead. The finely pulverised precipi-
tates were exhausted with warmed alcohol containing nitric acid, and
the residue of the extract was lixiviated with water till the wash-
water no longer gave any precipitate with nitrate of silver. The
substance precipitated by neutral acetate of lead forms a powder of

brownish to black colour, which dissolves sparingly in cold, more
easily in warm water, easily in very dilute potash or carbonate of

potash, or in water containing the salts of urine (common salt). In
alcohol it dissolves with splendid purple-blue colour. Scherer found
in it 54*43 p. c. carbon, 5*16 hydrogen, 8'43 nitrogen; the other pig-
ment contains less carbon and more hydrogen.

Harley (Verh. d. Physik.-med. Ges. zu Wurzburg, 5, 1) extracted
from this urinary pigment by ether, a substance which imparted to the
solvent a fine red colour, and proved to be identical with the urohae-
niatin above described ;

on evaporating the ethereal solution, crystals

separated which had the form of margaric acid, but were soluble in

alcohol, ether, water and ammonia. The solution has an acid reaction,
due perhaps to hydrochloric acid still remaining.

Further, a mixture of Scherer's two pigments was completely ex-
hausted with ether : the alcoholic extract of the residual pigment had
a brownish-red colour and contained a ferruginous substance. The
portion of the colouring matter not soluble in ether and alcohol yielded
to water containing hydrochloric acid, a substance which coloured the

solvent nearly black, and formed when dry, a black ferruginous powder,
sparingly soluble in cold, more soluble in warm water. The fourth part
of the pigment, insoluble even in dilute hydrochloric acid, yielded an ash

containing silica and iron.

The ethereal and alcoholic extracts were then freed from the resin

which adhered to the urohaematin, by evaporating them nearly to dry-
ness, and, after pouring off the still liquid portion, dissolving the
residue in chloroform only so far as the colouring matter alone was
thereby taken up. The solutions thus obtained had a very bright red
colour. The dry preparation was insoluble in nitric, sulphuric, and

hydrochloric acid, even at the highest degree of concentration, also in

tartaric acid, oxalic acid, water, and solution of sodium or barium

chloride, but soluble in caustic alkalis, alcohol, ether and chloroform ;

also in urine when warmed.
From the behaviour of urohaematin to reagents and the presence of

iron in it, Harley infers as also Scherer concluded from the elementary
analysis that this urinary pigment is a modification of the haematin
of blood. He supposes, however, that the urinary pigment is formed
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immediately from the pigment of bile and another pigment of the
muscles.

Normal human urine behaves before the spectroscope like the pig-
ment prepared from bile by dilute hydrochloric acid (p. 73), inasmuch
as, in a layer 3 to 4 centim. thick, it exhibits an absorption-band at
the limit of the green and blue. When urine is precipitated with basic
acetate of lead, and the precipitate is decomposed by dilute sulphuric
or oxalic acid, the reddish-yellow filtrate distinctly shows the ry-bands ;

soda-ley likewise produces in this solution the same alterations as in

the acid solution of bile-pigment. These appearances are exhibited
with peculiar distinctness by the deep red urine of fever patients ;

they are not altered by dilute mineral acids, by dilute alkalis, or by
keeping the urine for weeks (Jaffe, J. pr. Chem. 104, 404).

Heller (Hellers Archiv. 1846, 21 ; Pharm. Centr. 1846, 597) dis-

tinguishes uroxanthin, uroglaucin, urrhodin and uroerythrin. Uroxanthin
which is yellow, is present in normal, and more abundantly in morbid
urine ; it is decomposed by acids, with formation of a saccharine sub-

stance, uroglaucin and urrhodin, and is regarded by Neubauer (Harn-
analyse. 5 Aufl. 37, Wiesbaden, 1867) as indican. Uroglaucin and
urrhodin are, according to Heller, oxidation-products of uroxanthin.

Urrhodin remains, on evaporating the ethereal solution, as a solid

amorphous mass, and on slowly concentrating the alcoholic solution,
in nearly black indistinct crystals ; it is carmine-red in very thin layers,
insoluble in water, but dissolves with fine red colour in alcohol and
ether.

Urinary concretions contain moreover yellow or yellow-brown
urophcem, and haematin which produces a red-brown to black colour

(Heller, die Harnconcretionen, Wien. 1860).

I. E. Schnnck (Proc. Roy. Soc. 15, 1 ; J. pr. Chem. 97, 382 ; Jah-

resber. 1866, 750) distinguishes two normal urinary pigments or

extractive matters, viz., urian C^NH^O52
,
soluble in alcohol and ether,

and urianin, C38NH27 28
,
soluble in alcohol but not in ether. Both are

very easily decomposible, and when heated in aqueous solution or sub-

jected to the action of acids, take up water and become oxidised. Their

formulae are deduced from the analysis of the lead-compounds.

c. Thudichum (Brit. Med. Journal, N. S., 201, 509 ; Sdimidt's Jahrb.

125, 154 ; Neubauer a. VogeVs Harnanalyse, 5 Aufl. 37, Wiesbaden,
1867; and further J.pr. Chem. 104,.257; abstr. Chem. Centr. 1869, 15) dis-

tinguishes a normal urinary pigment which he calls urochrome, and as

decomposition-products thereof: uromelanin, uropittin and omicholic

acid.

Urochrome. Urine is mixed with hydrate of baryta to alkaline re-

action, for which purpose about 5 grms. of baryta-crystals are required
to 1 litre of urine then with a saturated solution of acetate of baryta ;

the liquid, after standing for 12 hours, is filtered; and the filtrate is

precipitated with an ammoniacal solution of neutral acetate of lead.

The lead precipitate is washed, and decomposed by trituration with
dilute sulphuric acid ; the liquid is filtered ; the nitrate neutralised in

the cold with carbonate of baryta, and again filtered ; and the new
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filtrate is made alkaline by baryta-water and treated with carbonic
acid. From the solution thus obtained, mercuric acetate throws down
the colouring- matter as a yellow precipitate, which is to be washed
with cold and hot water, and decomposed by hydrosulphuric acid,

whereupon the colouring matter immediately passes into solution,

together with small quantities of hydrochloric and acetic acids. The
hydrochloric acid is removed by moist oxide of silver whereby, how-
ever, part of the urochrome is precipitated as a silver-compound, and
acetate of silver is formed ; the dissolved silver is removed by sul-

phuretted hydrogen ; and the filtrate is evaporated over the water-
bath (Thudichum).

Colourless amorphous yellow crusts, which partly dissolve in water,
forming a yellow solution.

The aqueous solution when kept more quickly in a warm atmo-

sphere and in presence of acids becomes darker, finally red, and

deposits red flocks. No sugar is formed during this change. Uro-
chrome when exposed to the air, oxidises to a red body corresponding
to uroerythrin. When treated with acids, it forms three insoluble

products which, by prolonged boiling of the acid solution of urochrome
and mixing with water, are deposited in brown cohering lumps :

a. On treating these lumps with alcohol, uromelanin remains as a brown

powder, soluble in caustic potash, precipitable by acetic acid. b. The
alcoholic solution has a fine red colour, is precipitable by water, and on

treating the precipitate with ether, resinous omicholic acid is dissolved,
while yellow uropittin remains behind. The latter separates from
alcohol in crystals having the composition C 18N2I110 6

.

From aqueous urochrome, neutral acetate of lead throws down white

flocks ; the basic acetate yellow flocks ; mercuric nitrate a white precipi-
tate which becomes pale flesh-coloured on boiling, whilst the super-
natant liquid turns red. Mercuric acetate throws down a yellow

precipitate ;
silver nitrate a jelly soluble in nitric acid.

Urochrome dissolves in very dilute mineral acids and alkalis. It

dissolves sparingly in alcohol, more freely in ether.

Uromelanin. Obtained by decomposition of urochrome; also from

the crude product formed from urochrome on exposure to the air. To
obtain it directly from urine, the urine is mixed by drops with oil of

vitriol, concentrated to one-half in a retort, and left to cool. From
the precipitated resin, alcohol dissolves uropittin. while uromelanin

remains behind.

Or normal human urine is left in a closed vessel for 1 2 months, then

evaporated, whereupon it assumes a dark brown colour ; the concen-

trated liquid is mixed with sulphuric acid, whereby uromelanin,

uropittin, and omicholin are precipitated, together with a large quantity
of benzoic acid ;

the precipitate is collected, and the benzoic acid

dissolved out of it by boiling water ; and the residue is freed by boiling

alcohol from uropittin and omicholin, whereupon impure uromelanin

remains in the form of a black powder. It is dissolved in very dilute

potash-ley and filtered which is possible only after deposition then

precipitated by dilute sulphuric acid, washed with water and with

alcohol, and dried. It is pure if the preparation has been quickly con-

ducted, but in the contrary case it contains uropittin which, after

solution in the smallest possible quantity of ammonia and evapora-
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tion, may be dissolved out by water, the purer uromelanin then

remaining undissolved.

Uromelanin forms a black, bulky, curdy precipitate, which dries up
to a hard, brittle, shining, black mass.

Calculation,, according to Thudichum. Thudichum. mean.

72 C 432 58-93 56*43 to 58'15
'

57'21

7 N 98 13-37 12-40 13'38 12-88
43 H 43 5-88 4'28 5'95 5'74
20 O 160 21-82

C72tf7HC>2 .... 733 100-00

Dissolves easily, but with decomposition, in nitric acid, forming a
dark red solution. Dissolves in fuming oil of vitriol, with purple red

colour, and is precipitated therefrom by water. Uromelanin sus-

pended in water and treated with chlorine gas, becomes brownish, and
after washing, dissolves in boiling alcohol, the solution on cooling

depositing yellow-red amorphous flocks, which contain 47'2 p. c. C.,

and 4'4 H. It is insoluble in water ; dissolves very easily in ammonia
and infixed alkalis, and is precipitated by acids ; there exists, however,
a modification insoluble in alkalis. The ammoniacal solution is pre-

cipitated by the salts of the earths and of the heavy metals.

The salts of uromelanin, of which Thudichum has prepared the

barium, calcium, zinc, lead, and silver salts, contain very variable quan-
tities of metal ; thus the barium salt contains from 7"2 to 13'75 p. c.

Ba. ; the silver salt IS'4 to 19'77 p. c. Ag. They are black, amorphous,
sometimes gelatinous precipitates. Mercuric nitrate added to the
acetic acid solution, throws down a red precipitate. Uromelanin is

very sparingly soluble in alcohol, somewhat soluble in boiling acetic

acid.

The Alkaptone of Diirr & Boedeker (Ann. Pharm. 117, 98 ; Jahresler.

1861, 806) was found in the urine of patients suffering from typhus
and neuralgia. This urine, when mixed with caustic potash, became
brown on exposure to the air, absorbed more than its own volume of

oxygen, and even then reduced cupric oxide in alkaline solution.

To prepare it, the urine is precipitated with neutral acetate of lead,
and after removal of this precipitate, with basic acetate of lead ; the
latter precipitate is decomposed underwater by sulphuretted hydrogen;
the filtrate containing hydrochloric acid is evaporated to a syrup, with
addition of alcohol ; and this residue is mixed with pulverised heavy
spar, completely dried, pulverised, and exhausted with ether. The
ether is evaporated ; the crystals of hippuric acid which separate are

removed, together with a small quantity of a dark-coloured powder
insoluble in cold water ; the solution is once more precipitated with
neutral and basic acetate of lead; the precipitate decomposed with

sulphuretted hydrogen ;
and the filtrate evaporated.

Yellow varnish, without taste or smell. Somewhat acid. Contains

nitrogen, but no sulphur. Melts when heated, burns with flame and
a peculiar offensive odour. With hot nitric acid it forms picric acid.

The solution mixed with aqueous alkalis or alkaline earths, acquires
a brown-black colour on exposure to the air. Reduces chromic acid
and permanganic acid ; throws down cuprous oxide from excess of

cuprate of potash, and metallic silver from silver nitrate when heated,
or on addition of soda. In a solution of bismuth it effects no reduc-
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tion, even after addition of carbonate of soda. Not fermentable.
Dissolves in water. The solution is not altered by dilute acids. It is

browned by ferric chloride, precipitated white by basic lead acetate;
from solution of mercuric nitrate it throws down rust-brown flocks,
from which on heating it reduces the metal. Soluble in alcohol,

nearly insoluble in ether.

In a brown urine from individuals suffering from melanotic car-

cinoma, there was formed, according to Hoppe-Seyler (Arch. pathoL
Anat. 27, 388), besides indigo-blue, on exposure to the air a brown

colouring matter, which was precipitable by basic acetate of lead, and
could be dissolved out of the lead precipitate by carbonate of soda, or

by alcohol containing sulphuric acid. When precipitated from the
soda-solution by chloride of barium, and dissolved out of the precipitate

by ammonia, it remained on evaporation as a shining, amorphous, very
hygroscopic residue, still containing ammonia, easily soluble in water
and in alcohol, precipitable by ammoniacal chloride of barium. This

pigment contained neither nitrogen nor iron.

The ferment of urine is Bechamp's Nephrozymase. It imparts to

normal human urine the power of converting starch into sugar. When
filtered urine is precipitated with 2 or 3 vols. alcohol, and the sepa-
rated flocks, containing the ferment, phosphates and albuminous sub-

stances, are washed with alcohol of 75 p. c., then with water, the

aqueous solution thus obtained converts starch at 60 70 into sugar,
not however if it has been previously boiled. It does not alter cane-

sugar ; gives the reactions of the proteides with Millon's mercury-
solution, and leaves on evaporation a residue, which burns with a smell

of horn and leaves an alkaline ash (Bechamp, Compt. rend. 60, 45 ;

Anal. ZeitscJir. 4, 496).

Hsemolutein.

HOLM. J, pr. CJiem. 100, 142 ; Chem. Centr. 1867, 712 ; Kopp's Jahresb.

1867, 779.

PICCOLO & LIEBEN. Zeitschr.f. Chem. [2], 4, 645.

THUDICHUM. Centr. fur die medic. Wissenshaften, 1869, 1 ; Chem. Centr.

1869, 65 ; Deutsche chem. Gesellsch. 2, 63.

Luteoh&mato'idin or Lutein. Ovariolutein. Described by Holm (p. 405) as

hffimatoldin. Occurs in the Corpus luteum of the ovary of the cow.

Hsemolutein occurs normally in yolk of egg, in the yellow bodies of

the ovaries of other mammals, in blood-serum, in the cells of the fatty

tissue, and in butter ; abnormally in ovarian tumours, cysts, and serous

effusions. Also in the seed of maize, in the skins and pulp of berries,

especially in annatto, in carrots, and generally diffused in the leaves,

stamens, and petals of plants (Thudichum).
The identity of the colouring matter contained in these substances

is shown by its behaviour before the spectroscope. The yellow solu-

tions yield a spectrum distinguished by the brightness of its red,

yellow, and green parts, and exhibiting three absorption-bands in the

blue, indigo, and violet. The position of these bands varies slightly,

according to the nature of the solvent (Thudichum).
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Preparation. 1. The younger yellow and the older red bodies are

cut out with the scissors, separated as completely as possible from the

tissue, rubbed to a pulp with pounded glass, and then drenched with
chloroform and left for several days. The deep golden-yellow solution

leaves, on spontaneous evaporation, a viscid, yellow-red fat, which

gradually solidifies to a crystalline mass, from separation of fat, cho-

lesterin, and hsemolutein. This mass is resolved by agitation with
absolute alcohol into a solution and a viscid portion, which latter

encloses the heemolutein, and from which the crystals of the latter

may be isolated, though with some loss, by careful washing with ether

(Holm). 2. The corpus luteum is dried in the air, comminuted, and
exhausted with ether ; the ether is evaporated, and the residue boiled

for eight hours with potash-ley, by which the fat is saponified. On

mixing the resulting soap with water, the hsemolutein is deposited in

small, very lustrous crystals, which may be separated by filtration

(Piccolo & Lieben).

Properties. Separates from the solution containing fat, in micro-

scopic, acute-angled, triangular tablets, one side of which is convex, or

replaced by two straight sides. By aggregation of two or more of

these crystals, rhombic tables or more complex forms are produced.
By reflected light the crystals exhibit a fine cantharides-green colour,
with metallic reflex : by transmitted light, they appear red, with fine

blue and violet shadings ; after washing with ether, they resemble

recently prepared chromic acid (Holm). According to Piccolo &
Lieben, the crystals of hsemolutein are red, or in a certain aspect, blue,
and lose their colour in the air, especially if likewise exposed to light.

According to Thudichum, hsemolutein forms yellow microscopic

crystals, appearing orange or red when of a certain thickness.

Decompositions. Oil of vitriol colours hsemolutein blue, and dis-

solves it. Nitric acid containing nitrous acid imparts to it a transient

light-blue colour, changing to pale-yellow; the acetic acid solution

is coloured blue, and afterwards decolorised, even by dilute nitric

acid ; the ethereal solution mixed with alcohol, and the chloroform

solution, are not coloured by nitrous acid after addition of alcohol.

Combinations. Hsemolutein is insoluble in water, aqueous ammonia,
fixed alkalis, and mineral acids, also in dilute acetic acid, but dissolves

with golden-yellow colour in warm glacial acetic acid (Holm). Ac-

cording to Piccolo & Lieben, it is decomposed by boiling glacial acetic

acid. Acetate of mercury (mercurous or mercuric?) throws down
hsemolutein completely as a yellow precipitate ; mercurous nitrate sepa-
rates it as a yellow precipitate, becoming white on boiling or standing.

Dissolves easily in alcohol, according to Thudichum ; is insoluble

according to Piccolo & Lieben, and Holm. Dissolves easily in bisulphide

of carbon with flame-red colour, becoming orange-red when much
diluted ; easily, with golden-yellow colour, in chloroform, the solution

not being altered by agitation with ammonia (Holm). Dissolves in

ether somewhat less abundantly than in chloroform (Holm), and in

benzene (Piccolo & Lieben), with yellow colour.

The colouring matter of egg-yolk consists, according to Chevreul and

others, of a red portion corresponding to blood-red, and a yellow
portion, corresponding to bile-brown. According to Gobley, when
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egg-oil is heated with alcohol and left to cool, the yellow separates,
together with olein and cholesterin, whilst the red remains in the mother-

liquor. The red liquid, when frequently evaporated and redissolved,
becomes darker, and after prolonged heating in the water-bath, deposits
black granules which leave ferruginous ash when burnt. The yellow
colouring matter does not form a green solution when treated for 24
hours either with hydrochloric acid or with alcohol and sulphuric acid ;

with dilute potash-ley, under certain circumstances, it becomes green
(Gobley, N. J. Pharm. 9, 170).

The colouring matter of egg-yolk is hsemolutein, or a very similar

body. When the non-coagulated yolk of hens' eggs is agitated with
ether, colouring matter and fat are dissolved, and remain on evapora-
tion as a yellow mass, changing to dingy-green when stirred up with
nitric acid containing nitrous acid, also with a small quantity of oil

of vitriol, whereas a larger quantity of oil of vitriol colours it dirty-
brown to brown-red.

When egg-oil, after exhaustion with ether, is saponified with soda-

ley of 5 p. c. whereupon an odour of train-oil is evolved, the soap
extracted with ether, and the ether evaporated, there remains a deep
gold-yellow mass, which is non-saponifiable, or saponifies only with

difficulty, and on standing gradually yields crystals of cholesterin

together with deep red non -crystalline particles. It assumes a transient

pure blue colour when triturated with strong nitric acid ; dissolves in

ether and chloroform with golden-yellow, and in bisulphide of carbon

with orange colour ; the colouring matter is not extracted from the

solution by ammonia. The solution mixed with alcohol is decolorised

by nitric acid containing nitrous acid, without exhibiting any previous

play of colours (Stadeler, J. pr. Chem. 100, 148 ; Chem. Centr. 1867,

715).

The colouring matter of the shells of birds' eggs is free from iron, and
is first imparted to the eggs in the cloaca, not in the oviduct. The

green or bluish colour of the egg-shells of Sylvia phcenicurus, Turdus

musicus, Corvus coroni, and Vanellus cristatus, exhibits, after isolation

by hydrochloric acid, the reactions of biliverdin (p. 77). The brown-

red egg-shells of Falco tinnunculus and Buteo vulgaris, and the red

spots of the eggs of many small singing birds contain cholepyrrhin

(p. 71), traces of which are also found in eggs not coloured either green
or brown, but not in the pale-yellow eggs of Cochin-Chiua fowls

(W. Wicke, Getting. Nachr. 1858, 314; Kopp's Jahresb. 1859, 642).

Pyocyanin.

FORDOS. Compt. rend. 51, 215 ; N. J. Pharm. 38, 165 ; Chem. Centr.

1860, 772; Kopp's Jahresb. 1860, 597. Compt. rend. 56, 1128;
Chem. Centr. 1863, 964 ; Kopp's Jahresb. 1863, 657.

LUCRE. Arch. f. klin. Chirurgie 3, 135 ; Chem. Centr. 1863, 966 ;

Jahresb. 1863, 658.

Formed occasionally in pus from wounds, which then colours the

bandages blue. According to Lticke, its formation is connected with

the presence of vibrios. See also Chalvet (-#. J. Pharm. 38, 377).
The occurrence of a blue substance in pus had already been observed by Braconnot

(J. Chim. med. [3], 18, 454), Overbeck (N. Er. Arch. 81, 159), and Delore (Compt.
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rend. 51, 296), this substance being designated by Overbeck as pi/overdin, by Delore

as cyopyin. In other cases the blue colour of pus is produced by ferrous phos-

phate (S. Schiff, Ann. Pharm. 106, 108 ;
Jahresb. 1859, 192 ; Schlossberger, N.

Jahrb. Pharm. 10, 81).. On the pyin of Guterbock (see Handbuch viii, 526 ;
Leh-

mann's Physiological Chemistry iii, 156). This substance is, according to Eichwald

(Wiirzburg med. Zeitschrift. 5, 298), a mixture of peptone with unaltered or modified

mucin.

Preparation. The baudages are steeped in water ; the pyocyanin
and pyoxanthose are dissolved out of the extract by agitation with
chloroform ;

and the pyocyanin is transferred to water by agitation with
weak aqueous hydrochloric acid, the pyoxanthose then remaining
digested in the chloroform. By mixing the aqueous solution with
carbonate of baryta, filtering, agitating the filtrate with chloroform,
and leaving the chloroform solution to evaporate, the pyocyanin is

obtained in the separate state, and may be freed from adhering pyox-
anthose by washing with ether (Fordos). Lucke proceeds in a similar

manner.

Properties. Blue prisms or needles grouped in crosses or rosettes ;

according to Lucke, sometimes also blue or green laminae. Melts

when heated, and does not sublime.

The crystals of pyocyanin, as well as its solution in chloroform,
become greenish-yellow on keeping, from formation of pyoxanthose.
On washing the crystals with ether, the pyoxanthose dissolves, and the

blue colour is restored (Fordos). Impure solutions become decolorised

when left in closed vessels or heated with sulphide of sodium, and
turn blue again (though not always, according to Lucke) on exposure
to the air. The aqueous solution is decolorised by chlorine, transiently
also by carbonic acid, permanently by oil of turpentine (Lucke).

Pyocyanin is soluble in water. It unites with acids, which redden

the aqueous solution ; with hydrochloric acid it forms red four-sided

prisms ; with acetic acid, a red solution which loses acid on evaporation

(Fordos). Strong acids decompose it when heated (Lucke). Alkalis

turn the acid solution blue again (Fordos). The alcoholic or aqueous-
a^aline solution is not precipitated by alum or by neutral acetate of

lead (Lucke).

Pyocyanin dissolves in alcohol and in chloroform, less easily in ether.

Pyoxanthose. This yellow colouring matter of blue pus is obtained

by evaporating the above solution in chloroform after addition of water,
filtering the aqueous solution, extracting with chloroform, and evapo-
rating. It then sometimes, though rarely, remains crystallised, forming
confused groups of microscopic needles, slightly soluble in water, easily
in alcohol, ether, chloroform, bisulphide of carbon, and benzene. It is

reddened by acids, coloured violet by ammonia or potash (Fordos).

Chlororhodic acid. An acid sometimes occurring, according to

Boedecker, in pus. Dried and pulverised pus is freed from fat by ether
and boiled with alcohol of 75 p. c. ; the liquid is filtered and evaporated,
and the residue is boiled with water. The unfiltrable solution is freed

by acetate of lead from substances precipitable by that reagent, then
from excess of lead by sulphuretted hydrogen and evaporated. The
chlororhodic acid is extracted from the residue by absolute alcohol,

together with a little common salt, and remains on evaporation as a

soft, yellowish mass. Loose chalk-white powder made up of small
needles ; melts when heated, and burns with an animal odour.
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The dry acid does not dissolve in boiling water till after addition of
alkalis

; this solution is not precipitated by acids, not after ncutralisa-
IOM, by metallic salts, excepting stannous chloride, mercuric chlorideand mercuno nitrate, which throw down white flocks. Tincture of

galls likewise throws down white flocks, tincture of iodine yellow flocks
chlorine-water colours the liquid a fine rose-red, the colour beinff
destroyed, however, by excess of the reagent. The acid dissolves
easily in alcohol, but is insoluble in ether (Boedecker, Zeitschr. f. ration
Medicin: rene Folge, 6, 198).

On the Chemical Composition of Pus, see Miescher, Med-chem. Unters
1 i43 ; 9?' C - J' [2] 9 - Hoppe-Seyler, Med-chem. Unters.
, 486 ; Chem. Soc. J. [2] 9 ; also ADDENDA to this volume.

Melanin.

L. GMELIN. Sclav. 10, 507 ; Handb. 3, Aufl. 2, 1170.
SCIIERER. Ann. Pharm. 40, 63.

L. Gmelin's Black Pigment of the Eye (Augenschwarz). Occurs as
a thick coating on the choro'id of the eye.

The carefully prepared choroi'ds of ox-eyes are cleansed from blood

by immersion in water ; the melanin is separated from the choro'id with
a camel-hair brush, then left to deposit, stirred up with water, and
filtered through linen to remove residues of membranes ; the liquid
which runs through is evaporated ; and the residue is boiled.

Brown-black lumps, dull, easily pulverised, sinking in water,
infusible (Gmelin). After deduction of 9-8 p. c. ash, it contains, on
the average, 56-88 p. c. C., 5-95 H., 13-76 N., and 23-41 0. (Scherer).
In the black pigment of goats' eyes, Schwarzenbach (Pharm. Viertelj.

11, 37) found 92*06 p. c. ferruginous inorganic constituents to 7-94 p. c.

organic.

By dry distillation it yields, without tumefaction, empyreumatic
products and carbonate of ammonia ; the ash contains common salt,

phosphate of lime, and ferric oxide. Smoulders when set on fire.

Chlorine-water renders the colour of melanin paler, and half dissolves

it ; the undissolved portion is turned brown by aqueous potash ; dis-

solves, and is precipitated in brown flocks by acids. Fuming nitric

acid dissolves it, with effervescence, to a red-brown, not bitter liquid,

from which potash-ley and water throw down yellow-brown flocks.

Oil of vitriol dissolves it at a gentle heat, with evolution of sulphurous

acid, forming a black liquid precipitable by water. In hot aqueous

potash ley it dissolves slowly and imperfectly, with evolution of ammonia,

forming a red-brown liquid, from which hydrochloric acid throws down
brown flocks soluble in cold potash. Ammonia acts less strongly than

potash (Gmelin).
Insoluble in water, dilute acids, lime-water, alcohol, ether, and oils, both

fixed and volatile (Gmelin).
A black pigment deposited in a diseased lung was found by

C. Schmidt. (Lehmann's Lehrbuch. d. physio?. Chemie, 1, 296) to contain in

two cases : a. 72-95 p. c, carbon, 3'89 nitrogen, 4-75 hydrogen, and

18-41 oxygen. b. 66'76 carbon, 8-29 nitrogen, 7'33 hydrogen, and

YOL. XVIII. 2 E
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17*61 oxygen. In other cases the black lung-pigment has been found

to consist of carbon, or even of sulphide of iron (Perls, J. pr. Chem.

105, 81).
The black colouring matter found in the liver of patients suffering

from melanotic cancer, consists of uromelanin (p. 411) (Thudichum).
When the black nodules separated from the liver are left under water

for a year, the putrefaction which ensues destroys the foreign sub-

stances, but not the uromelanin. (The further treatment as described in the

Chem. Centr., is unintelligible, Kr.). Hard, amorphous, dark brown powder,
withoat taste or smell. When heated it smoulders slowly, and without

fusion, and burns away with an odour of horn. Dissolves easily
in fuming nitric acid, forming a deep red liquid. Strong hydro-
chloric acid acts in a similar manner, whereas oil of vitriol scarcely
acts upon it. Chlorine decolorises the melanin quickly in alkaline

solution, slowly when suspended in acids. By fusion with potash,
volatile fatty acids are produced.

Melanin swells up in water like albumin, and colours warm water
brown. Dissolves in the aqueous hydrates, monocarbonates, and
bicarbonates of the alkalis, also in aqueous urea, with evolution of am-
monia if heat is applied. The alkaline solutions are precipitated by
acids and salts ;

the solution in potash-ley becomes decolorised after

standing for a year, and then yields a white precipitate with acids.

Dissolves in boiling alcohol, with brown colour, not in alcohol containing

sulphuric acid
;
insoluble also in chloroform and bisulphide of carbon.

After deduction of 1-47 p. c. ash, it contains on the average
51'73 p. c. carbon, 5-07 hydrogen, 13*24 nitrogen, and 29'96 oxygen,
agreeing with the formula C 18N2H10 8

(Dressier, Prager VierteJjahrsschr.

f.prakt. HeiKunde, 88, 9 ; Chem. Centr 1866,*395).

According to Pribram (Prag. Vierteljahrsschr. loc. cit. ; Chem. Centr.

1866, 397) a black pigment from the urine of a patient suffering from
melanotic cancer of the eye, belongs to this place.

Sepia Black. Examined by L. Gmelin (Schw. 10, 533) ; by Prout

(Thorns. Ann. 5, 419) after exhaustion with water and hydrochloric
acid.

Prout found sepia-ink to be infusible and difficult to burn ; the ash
contained a large quantity of ferric oxide. It was insoluble in warm
hydrochloric and sulphuric acid ; dissolved in nitric acid with red brown
colour and evolution of nitrous gas ; partly in warm aqueous ammonia,
and in boiling potash-ley, forming a dark brown solution, from which
it was partially precipitated by hydrochloric or sulphuric acid, not by
nitric acid. Gmelin found a small quantity of iron in the ash; the ink
dissolved in oil of vitriol, and was precipitated by water.

Bizio (Schiv. 45, 128) described as Mela'in the black of sepia, appa-
rently altered by nitric acid, which he obtained by diluting sepia-ink
with water, boiling the portion which remained on the filter with water
and alcohol, then with dilute nitric acid (whereupon carbonic acid and
nitric oxide were evolved), and washing out the adhering acid with

aqueous carbonate of potash and with water. It is a soft black powder,
which detonates when heated ;

is not decolorised by chlorine ; is decom-

posed by strong nitric acid
;
and when heated with oil of vitriol, is con-

verted, with evolution of sulphurous acid, into a pulpy mass, from
which water separates unaltered melain. It dissolves completely in

boiling water, forming a black solution, from which it is precipitated by
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mineral acids, metallic salts, and alcohol, scarcely at all in hot hydro-
chloric acid, in aqueous alkalis, even in the cold, and is completely pre-
cipitated from the black viscid solution by acids. Acetic acid, alcohol
and ether do not dissolve melain.

The dried contents of the ink-bag of the cuttle-fish is, according to

Ilosams, very hard and black
;
has a conchoidal fracture ; sp. gr.

1*275
; appears amorphous, even under the microscope; and contains,

to 21 p. c. water, 11-02 p. c. ash, free from iron and phosphorus. The
organic substance, after deduction of ash, contains 42-2 p. c. C., 9-9 N.,
3-3 II., and 42-6 0. The black is charred by oil of vitriol, and
dissolved by nitric acid, mostly with red colour; hydrochloric acid
dissolves the inorganic, and attacks the organic substance. Strong
potash-ley dissolves the black, with fishy odour, forming a brown
liquid ; water, acetic acid, alcohol, chloroform, ether, and benzol do not
dissolve it. A fossil sepia from the Lias slate contained 36-8 p. c.

ash ; the black, less easily attacked colouring matter contained 63-8 p. c. C.,
3-4 N., 7-2 II., and 25-6 0. (Hosseus, N. Br. Arch. 120, 27 ; Chem. Centr.

1865, 164 ; Kopp's Jahresb. 1864, 675). A sepia examined by Schwar-
zenbach (Pharm. Viertelj. 11, 37; Kopp's Jahresb. 1862, 539) contained
to 80-63 p. c. colouring matter, 4-6 mucus, and 14-77 ash, likewise free

from iron. It gave off ammonia without melting* when heated ; did

not dissolve in aqueous ammonia, and was slowly decolorised by chloride

of lime.

Colouring Matter in the Mantle of the Black Dew Snail. The snails

freed from their entrails are digested with moderately dilute nitric acid,

till they assume a dirty flesh-colour ; the violet solution is filtered
;
and

the filtrate is treated with ammonia, which throws down a dark brown

precipitate. Black brittle mass, having the appearance of Indian ink,
and still containing a large quantity of phosphate of lime. Insoluble

in water. Dissolves in mineral acids, imparting to them a splendid
violet to black colour. The solution in nitric acid becomes crimson

after long standing, and is finally decolorised. Insoluble in alcohol,

very slightly soluble in glacial acetic acid, insoluble in oils either

fixed or volatile (A. Vogel, jun., & Reischauer, N. Repert. 6, 355
;
N.

Jahrb. Pharm. 9, 179 ; Kopp's Jahresb. 1858, 576).

Colouring Matters of Birds' Feathers. The colours of birds'

feathers are not always due to isolable pigments, but sometimes to

optical phenomena. From those feathers which exhibit the same

colour by reflected and transmitted light, colouring matters may be

extracted, and among these the yellow, red, lilac, and green (zoofidvin,

zooerythrin, zooverdin), are soluble in ether and alcohol, whereas the

black zoomelanin is insoluble in these liquids, but soluble in ammonia

and in potash. The latter is .probably identical with the melanin of the

The red of the feathers of Cahirus auriceps may be extracted with

boiling alcohol, and remains, on evaporating the tincture at 60 70, as

a dark, orange-coloured powder, which is altered by light, and dissolves

in boiling water. From the light violet feathers of Catinga ccerulea,

boiling alcohol and acetic acid extract the colour ;
the latter solution

becomes colourless on standing.
The beautiful blue-violet wing-feathers of iheTouracos lose theircolour

when the bird gets wet, and then give a red stain. On drying, they

recover their original colour, or acquire a blue colour if the bird has

2 E 2
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died in the interval. In the dead bird the colouring matter has become
insoluble in water. When the feathers are soaked in ammonia-water,
and the filtrate is precipitated with acetic acid, the pigment is obtained

as a red powder (Bogdanow).
The pigment is Church's turacin. The beard of the feather is washed

with alcohol and ether, and the colouring matter is extracted with

water containing Ti^ of alkali, and precipitated with hydrochloric
acid. Amorphous laminae of deep violet-purple colour, crimson by
transmitted light. Not altered at 100, but above that temperature it

becomes bluish dark green, begins to melt, and gives out violet fumes.

Contains nitrogen and 5-75 to 5'89 p. c. copper, which cannot be
removed by dilute acids. The solution exhibits a spectrum with two
black absorption bands. Dissolves with decomposition in fuming- nitric

acid, forming a deep brown liquid, and is decomposed by oil of vitriol.

Dissolves in pure water, with rose-red colour, not in acid or saline

water. Dissolves with blue colour in alkaline liquids ; with concen-

trated alkalis decomposition takes place, and an odour of volatile bases

is emitted. Insoluble in alcohol and in ether (Church, Chem. News, 19,

265; Zeitschr.f. Chem. [2], 5, 445).
Yellow -green feathers give up their colouring matter to hot acetic

acid ;
after evaporation of the acid, the pigment dissolves in alcohol.

The yellow pigment of the feathers of Oriolus galbula likewise dissolves

in acetic acid, but the solution quickly loses its colour (Bogdanow,
Compt. rend. 45, 688 ; 46, 780 ; 54, 660) ;

the last paper also contain

observations by Schlegel and J. Yerreaux.

Colouring Matter of Crabs and Lobsters. Occurs, according to

Macaire, in two membranes situated beneath the calcareous shell ;
in

the external green membrane and the calcareous shell itself it is found

in the brownish-green state, from which it passes into red by heating
to 62 75 in the air or in oxygen gas (not in hydrogen or carbonic

acid), or by putrefaction, or by the action of acids, alkalis, or salts ;
in the

inner reddish membrane it exists already in the reddened state. In

crabs having very soft membranous shells, a blue pigment is deposited

below, and a brownish-green pigment above the membrane which
extends between the shell and the flesh (Witting).

The blue colouring matter of the river crab is nearly insoluble in

water, but dissolves in alcohol with bluish colour, changing to red; it is

coloured a fine crimson-red by ammonia, brick-red by acetic acid, and
is apparently but little altered by chlorine. The pigment reddened by
ammonia is not altered by hydrochloric acid. Carbonate of soda pro-
duces but little alteration in the pigment reddened by boiling water ;

it colours the unaltered pigment a fine purple-red, which colour dis-

appears almost wholly on addition of hydrochloric acid, completely on
addition of nitric acid. Crab shells also quickly become red on expo-
sure to the air (Witting, J. pr. Chem. 73, 121 ; Kopp's Jahresber. 1858,

563).

By boiling crab skins with alcohol and evaporating, a fatty red

fusible mass is obtained, which when heated, burns with evolution of

ammonia and leaves a ferruginous ash. The red substance is decom-

posed by chlorine, nitric acid, or oil of vitriol, turned green in alcoholic

solution by acids, and not restored by alkalis (Macaire). According to

Lassaigne. it dissolves easily, with red colour, in dilute sulphuric acid,
and according to Macaire, with the same colour in warm aqueous
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potash, whence it is precipitated by acids without alteration. The
alcoholic solution is slowly decolorised by alum, and precipitated red on
addition of ammonia. Neutral acetate of lead

j
>n>< luces a copious

violet precipitate. Crab-red dissolves with reddish-yellow colour in
alcohol and ether, also in warm volatile oils, but not in fixed oils

(Macaire, Bibl. univ. 1821
; abstr. Schw. 33, 257 ; Lassaigue, J. Pharm.

6, 174).
The eggs of crabs and lobsters contain a colouring matter dis-

solved iu albumin, identical with that which gives rise to the reddening
of the shells on boiling. Lobster eggs yield when crushed a green
albuminous liquid, which deposits the colouring matter on dilution

with water. This colouring matter is green, resinous, and uncrystal-
lisable, turns red when dried, even at ordinary temperatures, also in

contact with dehydrating salts, alcohol, ether, and acids, and even when
merely rubbed with a solid body. When the albuminous liquid of the

eggs is heated, the albumin, as it coagulates, takes up the colouring
matter, and is coloured red thereby. From this precipitate it is

extracted by alcohol (Valenciennes & Fremy, N. Ann. Chim. 50, 165 ;

Jahresb. 1854, 687).

According to Grote (Compt. rend. 1814, 44), when pulverised and
boiled crab shells are heated with potash-ley till the liquid becomes

orange-yellow, and the nitrate is mixed with hydrochloric acid and

again heated, crab-red separates after a while in dark red flocks soluble

in alcohol.

According to Gobel (Schw. 39, 426), the red pigment of the red

feet and beaks of birds is identical with crab-red. On removing the

epidermis from pigeons' feet after maceration in water, the pigment
comes to light, and may be scraped off. After being dissolved in

alcohol or ether, and recovered by evaporation, it appears red, of the

consistence of tallow, melts in hot water to red oily drops which

solidify on cooling, and makes permanent grease-spots on paper. It is

decomposed by nitric and by sulphuric acid, is insoluble in water and
acetic acid, but dissolves in potash-ley, from which it is precipitated by
acids, and with fine red colour in alcohol, ether, and volatile oils. The

colouring matter of crabs contains 68'18 p. c. C., 9-24 II., and 22-58 0. ;

that of the feet of pigeons and geese is similarly composed. All these

pigments are free from nitrogen (Gobel).

Colouring Matter of the Purple-fish. From Murex brandaris and

M. trunculus. The fresh secretion is colourless, and on exposure to

daylight turns first yellow, then green, blue, red, and finally purple ;

this change of colours takes place with Murex brandaris in two days,
with ^[. trHIM a IUK in a few minutes.

The thoroughly dried secretion is opaque and black, but yields by
trituration a deep red powder. It smells at first like asafoetida, and

contains copper. Chlorine destroys the colour ; strong nitric acid gives
off nitrous gas and colours it golden yellow. Oil of vitriol destroys

foreign admixtures without attacking the colour itself. Insoluble in

water and in dilute acids, even on boiling; insoluble also in cold

aqueous ammonia, potash, and soda. Boiling potash-ley colours it

yellowish, and deposits green flocks containing some of the undecoin-

posed purple pigment (Bizio, J. Chim. med. 10, 99).

The colouring matter secreted by the sea-owl or lump fish. Aplysia

depilans, a gasteropod occurring on the coasts of the Mediterranean, is
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a concentrated solution of aniline-red and aniline-voilet. It decom-

poses very easily in the dissolved state ;
if it be precipitated by

sulphuric acid, and again from alcoholic solution by common salt, a
substance is obtained which exhibits the reactions of aniline-violet.

The colouring matter which remains dissolved after the precipitation by
common salt may be separated by tarinic acid, and like fuchsine, is

decolorised by ammonia, and coloured red again by acetic acid (Ziegler,
Mult. Soc. Bull, 37, 293 ; Kojjp's Jahresber. 1867, 821).

On the purple pigment which sometimes makes its appearance on

mouldy articles of food (bread, potatoes, meat), see Sette (Schw. 50,

415); Meylink (Repert. 43, 13), Buchuer (Repert.4&, 88); Pelouze (J.
Chim. med. 19, 586 ; N. Ann. Chim. Phys. 9, 5) ; Ehrenberg (J. Chim.
me'd. Oct. 1849); Oberdorffer (N. Br. Arch. 49, 43); Hiibuer (N. Br.
Arch. 50, 302). According to Erdmann (/. pr. Chem. 99, 385;
Jahresb. 1866, 670), this colouring matter exhibits the reactions

of the aniline dyes, the red that of the salts of rosaniline, and a blue

sometimes observed at the same time, that of the salts of tripheuyl-
rosaniline.

On the green colouring of oysters, see Valenciennes (J. Pharm. 27,

155); on the colouring matters of sweat : Schottin (Pharm. Viertelj. 2,

54); Landerer (Repert. 55, 234; Handbuch, viii, 302).

Proteides of the Vegetable Kingdom.

The nitrogenous and sulphuretted substances occurring in the

vegetable kingdom, and formerly designated as vegeto-animal substance,
have more recently been further distinguished according to the follow-

ing considerations.

a. When the dough of wheat-flour is kneaded with water as long
as the water becomes milky from separation of starch, there remains a

grey elastic glutinous mass, the gluten of Beccaria (Common. Bonon. 1, 1,

122).

b. The expressed juice of many plants coagulates when heated, by
separation of a similar substance (Rouelle, Crell. Beitrdge zu den chem.
Ann. 1, 3, 87); the substance thus separated resembles animal albumin t

Vegetable albumin (Fourcroy, Ann. Chim. 3, 252), and gluten (Proust,
J. Phys. 54, 199; A. Gehl

9 *5, 596).

c. Rye-flour yields coagulated vegetable albumin and gluten soluble

in alcohol. When the flour is separated by stirring it up with cold
water and leaving it to settle into sedimentary flour and a solution, the
latter deposits the albumin on boiling, and from the filtrate concen-
trated to the consistence of honey, the gluten may be extracted by
alcohol. The same gluten is obtained when the sedimentary flour is

separated by levigation into starch and a grey substance, and the
latter is exhausted with alcohol (Einhof, A. GehL 5, 131); also Guns-

berg (J.pr. Chem. 85, 214).

d. The wheat-gluten of Beccaria may be resolved, by treatment
with alcohol, into residual zymome and soluble gliadin, which latter is
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obtained by evaporating the solution to the consistence of honey
(Taddei, Sckw. 29, 514).

According to this, the insoluble substance (obtained according to c

or d) is to be distinguished from soluble vegetable gelatin (Berzelius).

e. Vegetable gelatin from gluten is accompanied by a mucous sub-

stance, which is obtained by macerating the vegetable gelatin in acetic

acid, mixing with alcohol, and filtering, and remains on the filter in the
form of a transparent gum (Berzelius, Lehrb. 3 Aufl. 6, 453). Accord-

ing to Berzelius, this substance is identical with Saussure's mucin,
which is obtained by boiling gluten with alcohol, mixing the hot
filtered decoction with an equal quantity of alcohol, concentrating to

-J-g-,

filtering from gluten, and evaporating the filtrate.

/. Leguminous fruits contain vegetable albumin and a substance
different from vegetable gelatin, but likewise soluble in alcohol, which
remains suspended in the water after the deposition of the starch, but
is deposited on further dilution (Einhof, A. Gehl. 6, 126 and 548). This

nitrogenous and sulphuretted constituent of leguminous fruits, obtained
from the aqueous extract of peas by evaporation, or by precipitation
with nitric acid, but in that case insoluble in alcohol, is the Legumin of

Braconnot (Ann. Chim. Phys. 34, 68).

g. Relying upon the analogy or identity between these vegetable
proteides and the animal substances of corresponding names, Liebig, in

his memoir "On the Nitrogenous Food-stuffs of the Vegetable Kingdom,"
(Ann. Pharm. 39, 129) distinguishes:

1. As Vegetable Albumin or Plant-albumin, the proteide held in solu-

tion in aqueous plant-juices or extracts, which is not precipitated by
acetic acid, but coagulates when heated.

2. As Plant-fibrin, the constituent of the seeds of cereals which is

insoluble in water and in aqueous ammonia ; it is wanting in leguminous
fruits.

The plant-albumin and plant-fibrin of Liebig form therefore to-

gether, the plant-albumin of Berzelius.

3. As Plant-casein the constituent of leguminous fruits which dis-

solves in the cold aqueous extract, is not precipitated on heating this

extract, but is precipitable by acetic acid ; the precipitate is soluble in

aqueous ammonia.
The legumiu of Braconnot belongs, therefore, to Liebig's plant-

casein. But Liebig further designates as plant-casein the constituent

of the infusion of almonds which is precipitable by acetic acid as plant-

albumin, and the constituent of the same extract coagulable by heat.

4. Plant-gelatin does not, according to Liebig, exist ready-formed,
or only to a small amount, in the flour of cereals and leguminous fruits.

It is a casein-compound containing acid ; its solution in aqueous am-

monia, heated to the boiling point, deposits a small coagulum when
acetic acid is dropped into it.

h. Dumas & Cahours (N. Ann. Chim. Phys. 6, 385) use the names

plant-albumin and plant-fibrin almost in the same sense as Liebig,

excepting that they appfy the former chiefly to the coagulum which

separates from gluten-water when heated ; the latter to that portion of
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the gluten which is insoluble in boiling alcohol. Their plant-casein^
different from that of Liebig, is the portion of the alcoholic extract of

gluten which separates on cooling, therefore perhaps the same as the

gluten of Saussure ; their plant-glutin is the substance which separates

only on further concentration and cooling, therefore the mucin of

Saussure.
The name legumin is applied by Dumas & Cahours to the constituent

of leguminous fruits and oleaginous seeds which is precipitable by
acetic acid, therefore Liebig's vegetable casein, as well as to the con-

stituent of oleaginous seeds which is coagulable by heat, and therefore

belongs, according to Liebig, to vegetable albumin.

i. Giinsberg distinguishes in wheat-gluten : 1. A constituent not

soluble either in alcohol or in boiling water : the fibrin of gluten ; 2. A
portion soluble in alcohol, insoluble in boiling water : gluten-casein or

gliadin; 3. A portion soluble in alcohol and in boiling water: gluten-

gelatin. When crude gluten is kneaded with cold alcohol of 60 p. c. as

long as the extract is rendered turbid by water, and the residue is

boiled, first with weak and then with strong alcohol, the fibrin remains.

The united extracts filtered, distilled, and further concentrated, deposit
on cooling a mixture of casein and gelatin, which may be freed from

foreign constituents by cold water, and resolved by boiling with water
into gluten -gelatin, which dissolves, and casein, which remains be-

hind. The gluten-casein is obtained by evaporating the decoctions

(Giinsberg).

k. v. Bibra (Die Getreidearten und das Brod, Niirnberg 1860, 146)
and Ritthausen (J.pr. Chem. 85, 193; 86, 257) the latter, so long as
he used boiling alcohol to decompose the wheat-gluten likewise dis-

tinguish the insoluble portion as plant-fibrin, the constituents which

pass into solution as plant-casein or paracasein, which separates in the
first instance, and plant-gelatin, which does not separate even on con-
centration. Afterwards Ritthausen (J. pr. Chem. 91, 296) observed
that this process gives rise to a transformation of soluble into in-

soluble constituents of the wheat-gluten ; he therefore dissolved the

gluten in water containing potash, precipitated with acetic acid, and

decomposed the precipitate by treatment with cold alcohol, The sub-
stances thus obtained are designated as follows :

1. Paracasein, Gluten-casein: the portion insoluble in alcohol.

2. Plant-fibrin, Gluten-fibrin: the portion which first separates from
the alcoholic solution.

3. Mucin, Mucedin : a portion precipitable from the mother-liquor
by absolute alcohol.

4. Plant-gelatin, Gliadin : the portion which remains in solution.

The legumin of leguminous-fruits, or pulse, approaches very nearly
to gluten-casein ; almonds and lupines contain conglutin, a substance
different from legumin. Rye, maize, and oats contain substances

agreeing almost exactly: the two constituents of rye with gluten-
casein and mucedin ; the chief constituent of maize with gluten-fibrin ;

a subordinate constituent with conglutin ; that of oats with legumin
(Ritthausen).

I. Commaille distinguishes five constituents of gluten insoluble in

cold water, namely : 1. Sitosin (albumin of flour) soluble, like all the
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other constituents of gluten, in alkaline water, and precipitated by
acids : the aqueous solution coagulates when heated, and gives with

hydrochloric acid and mercuric chloride precipitates which redissolve
in a large quantity of acid. The pale-yellow platinum-compound con-
tains 7'14 to 7'39 p. c. platinum. 2. Imesin (fibrin, Ritthausen's gluten-
casein). Dissolves after drying only in water containing Ol p. c.

hydrochloric acid. The platinum precipitate contains 7'15 to 7*33 p. c.

platinum. 3. Sitesin (gluten -casein, Ritthausen's plant-fibrin). Dis-

solves in water containing 0-1 p. c. hydrochloric acid : a larger pro-
portion of the acid precipitates it at first, and afterwards redissolves
it ; mercuric chloride does not precipitate the solution

; platinic chloride
forms an orange-yellow precipitate containing when dry 5-21 to 5*48

p. c. platinum. 4. Glutin. Nearly insoluble in acidulated water;
very sparingly soluble in acetic acid, easily in strong hydrochloric acid,
not mistime with water

; dilute alcohol forms with it an emulsion, from
which a large quantity of water throws down a coagulum. A large
quantity of ether likewise coagulates the emulsion and dissolves out a

yellow oil, the glutin thus coagulated dries up to a translucent, white
friable mass, which imparts to water the property of frothing strongly,
but scarcely dissolves in it ;

from the filtrate, platinic chloride throws
down a nearly white precipitate containing 2-57 p. c. platinum ; this

platinum-compound is precipitated from the alcoholic solution by water,
and becomes elastic and iridescent in ether, but does not dissolve.

5. Mucin. Dissolves easily, even after drying, in water and cold alcohol

of 80 p. c. The acidulated solution is precipitated by mercuric chloride ;

the dark yellow glutinous platinum precipitate contains 5*37 p. c.

platinum (Commaille J. Pharm. [4J, 4, 108 ; Chem. Centr. 1867, 585 ;

Jahresb. 1866, 710).

m. To all these views is opposed that of Denis, according to which
plants contain only one proteide or albuminous substance, namely, an
insoluble substance, Denis's glutin, by the transformation of which the
others are produced. Glutin is obtained from peas, beans, lentils, and
wheat-flour, but best of all from sweet almonds. Peeled almonds are
triturated with 16 pts. water, and the pulp separated from the emul-
sion is pressed and diffused, to a pasty consistence, in a 10 p. c. solution

of common salt. The mass diluted with water after some hours is

filtered, and the glutin is precipitated from the filtrate by addition of a

large quantity of water.

Moist glutin dissolves easily in salt water of 10 p. c. forming a
solution which is rendered turbid by saturation with powdered common
salt or sulphate of magnesia, but not quite precipitated by the latter

salt, like a solution of fibrin. The solution is precipitated by alcohol
and coagulated by heat.

The solution of glutin in salt water exhibits the reactions of plant
albumin, especially if slightly acidulated, or neutralised by alkalis.

Dried glutin treated with salt water leaves a portion having the

properties of gluten. Hot water alters glutin, and imparts to it the

properties of the plant-casein of Scherer and Jones ; hot aqueous
alcohol dissolves it partially, and separates it in the form of Dumas'
plant-casein ; the undissolved part is Dumas' plant-fibrin. When the
alcohol is evaporated, Dumas' glutin remains behind. Legumin and
amandin are likewise obtained from glutin when the latter is subjected
to the treatment described for the preparation of these substances.
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The emulsion of sweet almonds contains the same glutin, which is

dissolved with the aid of salts and partly of alkalis. If the oil-drops
diffused through the emulsion be separated by rapid filtration, a trans-

parent liquid is obtained, which is not precipitated by water alone, but

yields a precipitate of glutin with dilute hydrochloric or acetic acid

after previous dilution with 5 vol. water (Denis, Me'moire sur le sang,

Paris, 1859, 170).

In the following description of the individual vegetable proteides, Ritthauseii's

views and nomenclature are for the most part followed, but it has been thought
necessary, for the most part, to describe separately the substances originating from
different plant-organs

Plant-albumin.

SCHEELE. Opusc. 2, 103. FOURCROY. Ann. Chim. 3,252. JORDAN,
Scher. J. 5, 331. PROUST, J. Phys. 56, 97; Gill). 15,278.
SEGUIN. Ann. Chim. 92, 5. EINHOF. A. Gehl. 4, 461; 6, 63 and
116. LINK, Schw. 14, 294. TADDEI, Brugn. Giorn. 12, 327.

BOUSSINGATJLT. Ann. Chim. Phys. 65, 305 ; Berzel. Jahresber. 18, 327.

LIEBIG. Ann. Pharm. 39, 142 ; Berzel. Jahresber. 22, 266.

JONES. Ann, Pharm. 40, 66 ; Berzel. Jahresber. 22, 266.

DUMAS & CAHOURS. N. Ann. Chim. Phys. 6, 409 ; Berzel. Jahresber.

23, 588.

RULING. Ann. Pharm. 58, 306.

Vegetable albumin. Pflanzeneiweiss. The nitrogenous substance occur-

ring in plant-juices, or extractable by cold water from dry plant-organs ;

coagulable by heat ; not precipitable by acetic acid. Compare p. 422.

Until further investigation shall have decided the question, it must
remain doubtful whether the substances prepared from different plants
as plant-albumin, are identical or not. Moreover, the property of

separating out from aqueous plant-juices when heated, might be im-

parted to the other known vegetable proteides by the presence of acids

or salts hi the juices (Kr.).

Preparation. The filtered wash-water obtained in the preparation
of wheat-gluten deposits on boiling a coaguluni which may be dried in

a vacuum (Boussingault). Dumas & Cahours free the coagulum from
starch by treating it with diastase at 75, and exhausting with alcohol

and ether.

The plant-albuiniu analysed by Liebig, Jones, and Ruling was
likewise separated by heating the cold aqueous extracts

;
that from

peas, after precipitation of the legumin with acetic acid. A product
obtained from gluten, and analysed by Wall & Varrentrapp, is likewise

referred by Liebig to plant-albumin (s. GLUTEN).
When potatoes cut into slices are drenched with water containing

2 p. c. sulphuric acid, the liquid after 24 hours poured upon fresh po-
tatoes, and this operation repeated, a solution is obtained, which after

neutralisation with potash, deposits large flocks of plant-albumin on

boiling (Handworterb. 2, 2, 2, 147).

Properties. Amorphous mass resembling coagulated egg-albumin'
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Plant-juices have a neutral or acid reaction, not alkaline like solutions

of animal albumin (Dumas & Cahours).
Dumas
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Legumin.

EINHOF. A. Gekl. 6, 126 and 548. BRACONNOT, Ami. Chim. Phys.
34, 68; Mag. Pharm. 18, 59; Repert. 26, 258. Ann. Chim. Phys.
43, 347.

LIEBIG. Ann. Pharm. 30, 138 ; Berzel. Jahresber. 22, 266.

DUMAS & CAHOURS. N. Ann. Chim. Phys. 6, 423 ; Berzel. Jahresber.

23, 591.

ROCHLEDER. Ann. Pharm. 46, 155 ; Berzel. Jahresber. 24, 461.

NOAD. Chem. Gaz. 1847, 357 ; Pharm. Centr. 1847, 862 ; Lieb. Kopp.
Jahresber. 1847-1848, 42.

NORTON. Sill. Am. J. [2], 5, 22
; Pharm. Centr. 1848, 241

; Lieb.

Kopp. Jahresber. 18471848, 843.

LOWENBERG. Fogg. 78, 327.

RITTHAUSEX. J.pr. Chem. 103, 65, 193 and 273 ; Chem. Centr. 1868,
501.

First distinguished by Einhof in 1805; named by Braconnot. Be-

longs, together with other proteides precipitable by acetic acid, to

Liebig's plant-casein, and together with conglutiu, to the legumin of

Dumas & Cahours (p. 424).

Occurrence. In the seeds of leguminous plants, especially in peas,

beans, vetches, and lentils. Distinguished, according to Kitthausen's earlier

experiments, from the conglutin of (almonds and) lupines, by its reaction with boil-

ing sulphuric acid, with which it forms legamic acid, but no glutamic acid. Subse-

quently, however, Eitthausen (J. pr. Chem. 106, 445 ; 107, 218) found that the
so-called legamic acid is a mixture of aspartic acid with glutamic acid, whence it

appears that the supposed difference between legumin and conglutin has no
existence.

Preparation. The pulverised seeds are macerated for six hours at

4 to 8, in 7 8 times their weight of water, which is rendered

slightly alkaline in case the seeds have an acid reaction ; the liquid is

then poured off ;
the deposit again treated with 4 or 5 pts. of water

and left to settle at 4 to 5 ; and the liquid again poured off is pre-

cipitated with acetic acid of 11 p. c. The precipitate is collected in the

cold, drenched with alcohol of 45 p. c., which causes it to agglutinate,
then removed from the filter, and washed successively with weak and
with stronger alcohol, with ether, and again with alcohol. If the

legumin thus obtained forms, when boiled with a mixture of equal
masses of oil of vitriol and water, a turbid solution which deposits
black-brown flocks on dilution with water, but not a clear brown solu-

tion as pure legumin does, it must be further purified by solution in

water containing 0-1 to 0'2 p. c. potash, and precipitation with acetic

acid. It is dried in a vacuum over oil of vitriol and afterwards in the

water-bath, to ensure the complete removal of the alcohol (Ritt-

hausen). The bruised peas may also be repeatedly boiled with a large

quantity of alcohol, the legumin extracted from the residue by alkaline

water, and the precipitate treated with alcohol and ether (Ritthausen).
Ritthausen recognises the purity of legumin, not only by its beha-

viour to boiling sulphuric acid diluted to one-half (vid. sup.), but also :

1. By its perfect solubility in alkaline water ; impure legumin would
form a turbid solution. 2. By its reaction with cuprate of potash.
When alkaline legumin is mixed with a small quantity of cupric sul-
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phate and then with potash-ley, a clear reddish- violet liquid is formed
if the legumin is pure ; whereas legumin containing starch or gum,
forms a blue, sometimes turbid liquid.

2. Shelled* peas are washed with warm water as long as the liquid
is thereby coloured, then triturated with ammoniacal water ;

the liquid
is precipitated with acetic acid ; and the precipitate is washed, out of

contact of air, with water, alcohol, and ether. Legumin thus prepared
still contains foreign substances, which may be removed by dissolution in

strong potash-ley, precipitation of the filtrate with acetic acid, washing,
redissolutiori in aqueous ammonia, and precipitation with acetic acid

(Rochleder).

3. Lowenberg dissolves the legumin precipitated by acetic acid from
infusion of peas, and washed till the wash-water exhibits an alkaline

reaction, in aqueous ammonia ; strains
;
warms the liquid till the excess

of ammonia is expelled ; mixes it with common salt, and boils, whereby
albumin is precipitated. From the filtrate acetic acid precipitates the

legumin, which must be thoroughly washed with cold water and
treated with boiling alcohol and ether. By this treatment albumin,
and a body soluble in water but insoluble in acetic acid, are removed

(Lowenberg).
Braconnot triturates macerated peas with cold water ; leaves

them to settle ; arid evaporates the liquid, whereupon the legumin
separates in greenish mucous films, which are purified by washing with
water and boiling with alcohol. Or he precipitates the aqueous extract

with nitric acid ; exhausts the precipitate with boiling alcohol ; dis-

solves it in boiling water with the aid of a little ammonia ; boils till

the greater part of the ammonia is volatilised ; and precipitates with
alcohol. Liebig and Jones precipitate with sulphuric acid, and ex-

haust the precipitate with ether after washing it with water. Dumas
& Cahours precipitate with very dilute acetic acid, not in excess;
wash the precipitate with water, alcohol, and ether, and dry it in a
vacuum at 140. Theile precipitates the extract of peas, clarified by
deposition, with alcohol. Noad and Norton purify it by solution in

ammonia and precipitation with acetic acid.

Properties. Amorphous, white, loose, friable mass (Ritthausen) ;

that prepared by other methods is often coloured. Legumin pre-
cipitated from concentrated solutions by acids, has a moist pearly
lustre ; dilute solutions yield it in flocks (Dumas & Cahours). It has

always an acid reaction, probably due to the presence of phosphoric
acid (Einhof ; RitthaUSen). Braconnot's legumin is neutral or alkaline.

Leguminfrom Peas.

c
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and Voelcker (/. pr. Chem. 75, 320) is not present (Ritthausen).

Lowenberg's pea-legumin (with 53-89 p. c. C., 7'2G II., 0-30 S.) is,

according to his statement, free from phosphorus.

Decompositions and Combinations. Legumin subjected to dry dis-

tillation, melts, and yields, with tumefaction (without it, according to

Rochleder), a small sublimate of carbonate of ammonia, a copious

yellow distillate containing carbonate of ammonia with small quan-
tities of acetate and hydrosulphate, and leaves (phosphoretted) char-

coal (Braconnot). It is insoluble, or very nearly so, in water, and is

rendered insoluble in acids and alkalis by boiling with water (Ritthausen).

Lowenberg's legumin forms, when boiled with water, a body soluble in

water, and precipitable by acetic, acid.

The oft-repeated statement that legumin is soluble in cold water
would seem to imply that it must exist in solution in the aqueous
extract of pulse. It is held in solution through the medium of the

inorganic constituents (Rochleder), of phosphoric acid, or of potash
combined with legumin (Ritthausen).

Behaviour of the Aqueous Extract of Pulse. The extract remains

turbid, even after repose, both because it contains suspended fat, and
because it becomes acid on standing, and in consequence deposits plant-
casein (legumin) (Liebig).

According to Liebig, it does not coagulate when heated, but when

evaporated, forms, like animal milk, a scum which is renewed after

removal. Alcohol and all acids cause the extract to curdle ; oxalic

acid and tartaric acid added in excess redissolve the precipitate, but the

resulting solution is reprecipitated by nitric or sulphuric acid
;
excess

of acetic acid does not dissolve the precipitate. These precipitates
are compounds of legumin with acids (Liebig). The precipitate formed

by sulphuric acid is free from that acid after washing (Jones).

According to Lowenberg, extract of peas, prepared in the cold and
then neutral, contains, in addition to true legumin, a substance likewise

precipitable by acetic acid, and moreover coagulable at the boiling
heat (albumin), together with a third body soluble in water but
insoluble in aqueous acetic acid.

Extract of peas, prepared at 0, coagulates when heated, and the

filtrate is further precipitated by acetic acid. If it be precipitated in

the first instance by acetic acid, and the filtrate neutralised with car-

bonate of ammonia and boiled, it deposits only a small quantity of

coagulum. If the precipitate formed by acetic acid be washed beyond
the point at which the wash-water appears neutral, a liquid preci-

pitable by acetic acid runs through the filter, whilst the precipitate
which remains on the filter dissolves partially at first, and afterwards

almost entirely in acetic acid (Lowenberg).
The aqueous extract of pulse, left to itself at 15 to 20, turns sour

from formation of lactic acid, and coagulates in 24 hours, with slight
evolution of gas, and separation of a curdy jelly of lactate of legumin.
This jelly has an acid reaction, even after prolonged washing ; it dis-

solves easily in aqueous ammonia and the fixed alkalis, and converts

cane-sugar at a gentle heat into acetic acid, lactic acid, and a gum
(Liebig). Moist legumin, kept in a warm place, passes into putrefac-
tion with appearances similar to those exhibited by cheese, but without

forming products which blacken silver.
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The aqueous extract of pulse leaves, when ignited, an alkaline ash

containing- potash and phosphoric acid. It is not precipitated by lime-
salts or sulphate of magnesia in the cold, but gives a precipitate with
these reagents when gently heated. Under all these circumstances

vegetable casein reacts in the same manner as animal casein (Liebig).

Legumin dissolves in cold oil of vitriol ; the viscid solution when
heated in the water-bath, becomes mobile, dark purple-coloured, and no

longer precipitable by water. By prolonged boiling of legumin (from hog-
beans) with moderately dilute sulphuric acid, there are formed : leucine,
and a small quantity of ammonia (Braconnot) ; also tyrosine, glutamic
acid, active aspartic acid (Ritthausen's former legamic acid), and

amorphous brown substances (Ritthausen). The solution in nitric acid
leaves on evaporation, oxalic acid and a yellow body having a harsh and
bitter taste (Braconnot). Dissolves completely in fuming hydrochloric
acid, after boiling for 15 to 20 minutes, forming a brown liquid not

precipitable by excess of ammonia (Ritthausen).
Iodine appears to render legumin soluble in water ; on heating the

solution, a yellow iodated precipitate is formed, which, when washed
with boiling alcohol and dried, turns starch blue and gives off iodine
when heated. It is insoluble in boiling water, but dissolves easily and
without coloration in aqueous ammonia, and is precipitated by nitric

acid (Braconnot).
Heated with bichromate of potash and sulphuric acid, legumin

yields prussic acid, bitter almond oil, and benzoic, formic, and other
volatile fatty acids : also acetonitrile and valeronitrile (Frohde, J. pr.
Chem. 77, 290).

Dissolves easily in dilute ammonia-ivater. On exactly neutralising
the solution with acetic acid and boiling, the liquid coagulates, and does
not retain in solution any substance precipitable by acetic acid. If the
ammoniacal solution be left to evaporate at a low temperature, the
whole of the protein-substance separates as a scum (Lowenberg).

Legumin dissolves very easily in dilute potash or soda-ley. Water
containing one or two thousandths of potash-hydrate, dissolves pul-
verised legumin completely in a day or two, without turbidity or decom-

position (Ritthausen). By repeated solution in (stronger) potash-ley
and precipitation with acetic acid, sulphuretted hydrogen is each time
evolved (Ruling). The solution in potash-ley, exposed to the air for

8 to 10 days, gives o2f ammonia and deposits white flocks ; after this

it does not evolve ammonia on boiling, till it has been concentrated so
far as to solidify on cooling. If it be continually boiled and the
water renewed, brown flocks are separated, and a brown solution is

formed, from which acetic acid separates grey flocks (Rochleder).
When the boiling is continued for eleven hours, at intervals of a week,
about 3 p. c. of the legumin goes off as ammonia (Theile, Jenaer Ztitschr.

4, 264; Chem. Centr. 1868, 691).
Dissolves in aqueous carbonates and phosphates of the alkalis, forming

a turbid liquid (Ritthausen).

Legumin precipitated by acetic acid and dissolved in ammonia, is

precipitated by oxalate, nitrate, and sulphate of ammonia, not in the cold,
but on boiling ; by chloride of sodium or sulphate of soda, not even at the

boiling heat (Lowenberg).
Dissolves in cold, very dilute lime- and baryta-water, forming a

gummy, frothing liquid, which coagulates on boiling, and is then but

slightly precipitated by acids. The solution is precipitated by mineral
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acids (even by carbonic acid, Einhof), and by vegetable acids not in

excess; also by alcohol. Legumin precipitated by sulphuric acid, and

suspended in water so as to form a milk, produces a thick curd when
boiled with carbonate of lime, baryta, or magnesia. Legumin suspended
in water, coagulates when boiled with gypsum-water (Braconnot).

On agitating an alkaline solution of legumin with a small quantity
of cupric sulphate and potash, a clear violet or reddish-violet solution
is formed; with impure legumin, however, it is blue and turbid

(Ritthausen). Mercuric chloride and many other metallic salts coagu-
late legumin suspended in water (Braconnot). Mercuric chloride pro-
duces a precipitate insoluble in hydrochloric acid (Commaille). Bichlo-
ride of platinum throws down from an alkaline solution of legumin, a

precipitate containing 5 p. c. platinum ; from legumin prepared with

hydrochloric acid, a platinum-salt is obtained, containing 9*8 to 10 p. c.

platinum (Commaille).

Moderately dilute acetic acid dissolves legumin (Einhoff; Ritt-

hausen) ; according to Liebig and Rochleder, it does not. The pre-

cipitate thrown down by acetic acid from legumin- solutions dissolves

in excess of the acid (Lowenberg).
Legumin dissolves easily in aqueous oxalic, tartaric, and citric acid.

The dilute solutions have a scarcely perceptible sour taste ; they are

precipitated by mineral acids, also by nitrate of baryta, nitrate of lime,
nitrate of lead, ferrous sulphate, cupric sulphate, and tincture of galls ;

not by acetate of baryta, alumina or lead, by mercuric chloride, or by
alcohol (Braconnot).

Insoluble in alcohol (Braconnot) (comp. p. 423), ether, and volatile oils.

Tincture of galls does not precipitate solutions of legumin (Braconnot).

Appendix to Legumin.

1. Almond-legumin.

PiiOUST. /. Phys. 54, 199 ; A. Gehl. 5, 596. Buchholz, A. Gehl. 6, 617.
A. Vogel, Schw. 20, 64. BOULLAY. Ann. Chim. Phys. 6, 40.

PFAFF. Materia Medica, 6, 136. SOUBEIRAN, J. Pharm. 12, 52.

PATEN & 0. HENRY. J. Chim. med. 2, 156.

DUMAS & CAHOURS. N. Ann. Chim. Phys. 6, 423.
MULDER. Scheik. Onderz. 4, 404 ; J. pr. Chem. 44, 503.

NORTON. Sill. Am. J., [2], 5, 22; Pharm. Centr. 1848, 241; Lieb.

Kopp's Jahresb. 18471848, 843.

BULL. Ann. Pharm. 69, 145 ; Pharm. Centr. 1849, 353 ; Lieb. Kopp's
Jahresb. 1849, 495.

RITTHAUSEN. J. pr. Chem. 103, 78, 193, and 273 ; Zeitschr. f. Chem. T21
6, 126.

The seeds of many plants belonging to other families, when treated
like leguminous fruits for the preparation of legumin, ^ield substances

very closely allied to legumin, but exhibiting certain diversities in their

composition, and perhaps also in their reactions.

To this head belongs the proteide of the oleaginous, emulsion-

forming seeds, the Emulsin of the third edition of this handbook, the

Amygdalin of Dobereiner, which Dumas & Cahours regard as

legumin.
VOL. xviii. 2 F
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a. From sweet almonds, the kernels of plums, apricots, hazel-nuts,
and white mustard, one and the same proteide is obtained, identical in

properties and composition with the legumin of pulse. According to

Liebig (p. 423) oleaginous seeds contain plant-albumin and plant-
casein ; according to Lowenberg, sweet almonds, like peas, contain

three different proteides (p. 423).

b. The legumin of sweet and bitter almonds is richer in nitrogen
than that of pulse, and exhibits, even to the amount of sulphur, the

composition of legumin from yellow lupines (Ritthausen).
Ritthausen designates the legumiii of almonds and of lupines as

conglutin. According to his earlier statements, this proteide is to be
distinguished from legumin, because, when boiled with dilute sulphuric
acid, it yields, besides aspartic acid and the other products of legumin,
5 to 6 p. c. of glutamic acid. This reaction, however, has not been

established, either for the conglutin of almonds, or for that of maize

(infra)) but only for that of yellow lupines ; moreover Ritthausen has
more recently obtained both these acids from the legumin of hog-
beans.

c
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alcohol by distillation and concentrated, yields a body resembling
leucine, from which, by boiling out the finally remaining brown viscid

mass with absolute alcohol, and cooling, an additional quantity of

lupine-conglutin may be obtained. It forms white flocks containing
48-21 p. c. C., 7-59 H., 13-02 N. Lastly there remains a brown viscid

residue, insoluble in absolute alcohol (Ritthausen, J. pr. Chem. 103,

234 ; 106, 445 ; 107, 218).

Almond-legumin, Commaille's amandin, purified by precipitating
filtered almond milk with hydrochloric acid, dissolving in alkaline water,
and reprecipitatiug with hydrochloric acid, gives with bichloride of
platinum a precipitate containing 7*02 to 7'45 p. c. platinum ; its hydro-
chloric solution is precipitable by mercuric chloride (Comniaille, J. Pharm.

[4], 4, 108; Jahresb. 1866, p. 710).

Other statements respecting differences between almond-legumin
and the legumin of pulse, appear to be founded on misconceptions

arising from the fact, that statements actually relating to the behaviour

of the aqueous extracts of peas and almonds have been erroneously

regarded as applicable to the isolated substances (Kr.).
When concentrated seed-milk is freed from oil by agitation with

ether, and the lower watery layer is separated and heated to the boil-

ing point, coagulated plant-albumin separates out, whilst plant-casein

precipitable by acetic acid remains in solution. On the other hand,
acetic acid, added to the cold aqueous extract of almonds freed from

oil, throws down plant-casein, whilst plant-albumin remains dissolved

(Liebig).
Similar observations had previously been made by Payen, 0. Henry,

and Gmelin.

To this head also belong the statements of Dumas & Cahours on
the reactions of legumin, all of which refer to the substance precipi-
tated by acetic acid from infusion of sweet almonds.

This almond-legumin is separated as a coagulum by heating the

aqueous extract, as a pearly-lustrous precipitate by precipitation with
acetic acid, and in flocks by dilution. Orthophosphoric acid and other
mineral acids likewise precipitate it from the extract of almonds.

Strong nitric acid dissolves dry almond-legumin, with evolution of red

vapours ;
oil of vitriol dissolves it slowly, yielding a brown solution

without formation of glycocoll ; strong hydrochloric acid dissolves it

with fine blue-violet colour. It dissolves in aqueous alkalis when
heated, with evolution of ammonia ; easily in cold ammonia-water and
in boiling baryta- and lime-water. In strong acetic acid it swells up
to a translucent jelly, and dissolves on addition of boiling water, the
solution leaving on evaporation a gum soluble in water and having
the same composition as almond-legumin.

Almond-legumin does not dissolve either in cold strong alcohol or

in weak boiling alcohol. It is insoluble in ether. The aqueous infu-

sion of almonds left in contact for 24 hours with infusion of rennet

deposits coagulated almond-legumin as a gummy mass ; no substance
soluble in acetic acid remaining in solution. This coagulum contains

50-41 p. c. C., 19-00 N., 6-92 H., 23-67 S. and 0. (Dumas & Cahours).
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2. Avenin, or Oat-legumin,
'

NORTON. Sill. Am. J. [2], 5, 22; Liel. Kopp Jahresb. 1847-48,
844.

KREUSLER. J. pr. Chem. 107, 17; Chem. Centr. 1869, 609.

First distinguished by Johnston. Occurs in oats, together with vege-
table gelatin.

Preparation. 750 grms. of finely bruised oats are drenched with
a mixture of 5 litres of water and 3 grms. of potash-hydrate ; the

liquid is left to itself for 12 hours in the cold, and then strained; the
residue is washed with water and left to settle, and the turbid brown

liquid drawn off from the deposit of starch is precipitated with dilute

acetic acid. The greyish-white precipitate, after it has settled down,
is collected, washed on a filter with alcohol of 80 p. c., whereby it is

rendered compact and separable from the filter, then exhausted with

strong alcohol, and finally with ether. For dehydration it is freed as
much as possible from ether by pressure, then drenched with absolute

alcohol, and left at rest for 12 to 24 hours, after which it is dried over
oil of vitriol, and finally in the water-bath. Avenin thus prepared still

retains starch, which ma}7 be removed by dissolving the avenin in

water containing -^ p. c. potash-hydrate, and precipitating the clarified

solution with acetic acid. Oatmeal previously exhausted with cold or

hot alcohol may be used in the preparation instead of fresh oatmeal.

Avenin prepared as above, especially that which is obtained from
fresh oatmeal, still retains vegetable gelatin, which lowers its amount
of nitrogen by nearly p. c., and increases the carbon in the same pro-

portion. It may be purified by repeated boiling with alcohol of 60 p. c.,

but then almost entirely loses its solubility in dilute potash and acetic

acid (Kreusler).

Properties. Loose, easily friable mass, having an earthy aspect,
and white colour inclining to grey ;

in other respects it exactly re-

sembles legumin prepared in a similar manner (Kreusler).

C.. .
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swells up strongly in the latter
; on the other hand it dissolves slowly

in strong hydrochloric acid, the solution gradually turning reddish-blue ;

in oil of vitriol diluted with an equal volume of water, the solution

becoming dark red-brown on boiling. It is nearly insoluble in aqueous
oxalic acid, dissolves easily in warm aqueous tartaric acid, and when
freshly precipitated, easily also in acetic acid, and is precipitated in its

original state on neutralising the solution with an alkali. It dissolves

slowly but abundantly in water containing T̂ p. c. potash-hydrate ; the
solution is brown, yields a greyish-white flocculent precipitate with
acetic acid, and, if previously boiled, gives off at the same time the
odour of sulphuretted hydrogen. Avenin boiled with water is insoluble

in acetic acid and in potash, but swells up to a jelly in acetic acid.

Alkaline phosphates likewise dissolve avenin; ferrocyanide of potassium
precipitates it from the acetic, not from the alkaline solution

(Kreusler).

3. Glutamic acid, C' NH>09
.

X
RITTHAUSEN. J. pr. Chem. 99, 6, and 454 ; 107, 218.

Formation. By boiling plant-fibrin, mucedin (from wheat or rye),

legumin, conglutin, or gluten-casein with dilute sulphuric acid ;

mucedin thus treated yields about 30 p. c. of glutamic acid.

Preparation. 1. Two pts. of plant-fibrin or mucedin are boiled with
5 pts. oil of vitriol and 13 pts. water for 24 hours, renewing the water
as it evaporates, whereby there is obtained from plant-fibrin a black,
from mucedin a slightly coloured liquid. This liquid is supersaturated
with milk of lime, filtered, and concentrated

; the dissolved lime is

removed by oxalic acid, the sulphuric acid by carbonate of lead
; and

the solution is freed from lead by sulphuretted hydrogen, and concen-
trated. It then yields, if plant-fibrin has been used, a crystalline
mixture of tyrosine, leucine, and glutamic acid, which may be separated
by recrystallisation and treatment with warm alcohol of 30 p. c., the
leucine then dissolving, while the glutamio acid remains behind.

2. Legumin or conglutin is boiled with dilute sulphuric acid, whereby
knobby crystalline masses are obtained, consisting of glutamic acid

mixed with optically active aspartic acid. On repeatedly boiling these
masses with spirit of 50 60 p. c., the greater part of the aspartic acid
remains undissolved, and an additional quantity of that acid separates
from the hot alcoholic solution, while the glutamic acid remains in the

mother-liquors, and may be obtained in crystals by distillation and
concentration over oil of vitriol.

Properties. Shining, transparent, colourless crystals, which, ac-

cording to Werther, are distorted rhombic octohedrons. Melts at

about 140, with some loss of water, but without decomposition. Has
an acid taste and reaction. Dextrorotatory; for the line D, [a] =
34-7.
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Crystals.
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Gluten-casein.

RITTHAUSEN. Survey of his researches on Wheat-gluten :

1. J. pr. Chem. 85, 193; 86, 257; Chem. Centr. 1862, 725 and 728 ;

Jahresb. 1862, 519 (decomposition of wheat-gluten).
2. /. pr. Chem. 88, 141 ; Chem. Centr. 1863, 501 ; Jahresb. 1863, 618

(plant-gelatin).
3. J. pr. Chem. 91, 296; Chem. Centr. 1864, 727; Jahresb. 1864, 625

(Decomposition of Wheat-gluten, Paracasein, Plant-fibrin, Muce-
din).

4. J. pr. Chem. 99, 462; Chem. Centr. 1867, 271; Jahresb. 1866, 719

(Nomenclature).
5. J. pr. Chem. 99, 454 ; Chem. Centr. 1867, 273 ; Jahresb. 1866, 719

(Glutamic acid from Gluten).

Glutencasein, Paracasein. On Plant-casein, see p. 425 ; also under Gluten.

Fresh, well-washed wheat-gluten is treated with cold aqueous
potash-ley containing O'l to 0*15 p. c. potash-hydrate, a quantity of

the solution containing 3 or 4 grms. of the hydrate being used to every
100 grms. of gluten ;

and the solution, after standing for several days
at 4 to 8, is poured off from the remains of the husks and the undis-
solved starch, and precipitated with a slight excess of acetic acid. The
gluten thus purified is exhausted successively with cold alcohol of 60
to 80 p. c. with absolute alcohol arid with ether, whereupon gluten-
casein remains undissolved, while gluten-fibrin, mucedin, and vegetable
gelatin remain in solution.

a. The gluten-casein is purified by solution in water containing
potash, precipitating the filtrate with acetic acid, and washing with
water and alcohol.

b. The united alcoholic extracts distilled down to one-half, deposit
on cooling the gluten-filrin, which is freed from gelatin, mucedin, and
a little fat by absolute alcohol, and then washed with ether. The
remaining substance is dried, and dissolved in a little hot alcohol of

60 p. c. ; the flocks which separate on cooling are again dissolved in

alcohol
;
the flocks of gluten-casein which first separate are removed ;

and the somewhat concentrated filtrate is cooled to a low temperature,
whereupon after some days it deposits gluten-fibrin. This substance is

to be further purified by repeated solution in alcohol of 70 p. c.

c. After separation of the gluten-fibrin, there remain in solution

mucedin and vegetable gelatin, together with a small quantity of

gluten-fibrin. The greater part of the alcohol is evaporated, and the

remaining liquid is left to cool, whereupon a mixture of the three sub-

stances is deposited ; the precipitate is dehydrated by covering it with

strong alcohol, freed from fat by ether, and dissolved in alcohol of

65 p. c. ; and the resulting solution is left to cool. From the filtrate

absolute alcohol throws down flocks of mucedin, which is purified by
repeated solution and precipitation. The solution retains vegetable gela-
tin (Ritthausen).

Properties. White or grey, loose earthy mass. When imperfectly
dehydrated, or simply left to dry in the air, it is horny and brownish-

yellow. Nearly free from ash.
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Contains at 130135, on the average, 51-0 p. c. C., 16vl N., 6-7 H.,
0-8 S., and 25-4 0.

Insoluble in water, either cold or boiling-, and converted by pro-

longed boiling with water into an insoluble modification. Dissolves

partially in nitric acid of sp. gr. 1-2, with evolution of red vapours.
Dissolves sparingly in aqueous ammonia, and becomes insoluble therein

on warming. Dissolves easily with brownish-yellow colour, in very
dilute aqueous potash, and from this solution metallic salts throw down
bulky flocks. Cupric sulphate added to the alkaline solution, forms a
blue precipitate, and with excess of potash, a fine violet solution.

Dissolves sparingly in cold dilute acetic acid and in cold alcohol; on

warming either of these liquids, part of the gluten-casein becomes

insoluble, while another part dissolves and separates on cooling from
the alcoholic, but not from the acetic solution, as a curdy-flocculent
mass. Dissolves more readily in alcohol containing acetic acid, and is

precipitated therefrom by alkalis.

More recently (J. pr. Chem. 103, 216) Ritthausen gives the follow-

ing characters of gluten-casein, as serving to distinguish it from

legumin: 1. It is richer in sulphur. 2. It is more soluble in acetic

acid, 3. When boiled with sulphuric acid, it yields, besides other

known products, glutamic acid (p. 437), which latter, however,
Ritthausen afterwards also obtained from legumin (/. pr. Chem. 107,

218).

~Rye-casein. Rye yields gluten-casein and mucedin, but no gluten-
fibrin or plant-gelatin. Fine rye-flour is macerated with a large

quantity of water containing 0-2 p. c. potash hydrate; the same treat-

ment is repeated after 24 hours, at 1 2
; the whole is left to itself

for three or four days ; the clear liquid obtained by decantation or filtra-

tion is slightly supersaturated with acetic acid ; and the precipitated

greyish-white flocks, after successive treatment with absolute alcohol,
to dehydration, then with ether, and onee more with absolute alcohol,
are quickly dried in a vacuum over oil of vitriol. Yellow-grey, loose

mass, having an earthy fracture ; permanent in the air when dry.
After deduction of 0-7 p. c. ash, it contains, at 125 130, on the

average, 51-23 p. c. C., 15-96 N., 6-70 H., 1-04 S., and 25-67 0., and is

therefore composed like gluten-casein, excepting that it contains a

larger proportion of sulphur.

Rye-casein moistened with water, becomes dark-coloured on expo-
sure to the air, and changes to a brown horny mass. Swells up in

cold or warm water, without dissolving. Dissolves incompletely in

boiling nitric acid of sp. gr. 1-2, with separation of yellowish-white

flocks, the yellow solution becoming darker when supersaturated with

potash. Dissolves in oil of vitriol diluted with an equal volume of

water, with deep brown colour at the boiling heat. SweHs up in

strong hydrochloric acid to black-brown gummy flocks, and dissolves-

gradually to a brown liquid precipitable by water. Dissolves in cold

aqueous potash, soda (or ammonia) of O'l to 0'2 p. c., forming a brown-

yellow liquid. The solution is precipitated by acids in the cold, by
sal-ammoniac, by lime-salts, or by sulphate of magnesia mixed with sal-

ammoniac, only at the boiling heat, and then yields a curdy white pre-
cipitate ; it is not precipitated by ferro- or ferri-cyanide of potassium.
In very dilute noetic acidj rye-casein swells up to brown flocks, which
then dissolve, especially on boiling ; the resulting solution is precipitated
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by ammonia and the fixed alkalis, also by ferrocyanide and ferricyanide
of potassium. By prolonged boiling with water, rye-casein becomes
insoluble in acids and in alkalis. It is insoluble in alcohol (Ritthausen,

J.pr. Chem. 99, 439).

To this head belong probably a plant-fibrin containing 53*59 p. c. C.,

15-81 N., 7-49 H., 23-11 0. and S., which Scherer (Ann. Pharm. 40, 7)
obtained by boiling rye-flour with dilute sulphuric acid, dissolving the

residue in very weak potash-ley, precipitating with acetic acid, and

boiling the precipitate with alcohol and ether. In this or a similarly

prepared' product from rye, Verdeil (Ann. Pharm. 58, 317) found

0-98 p. c. sulphur.

From oil-cake of rape-seed previously freed from fat, Ritthausen

(J. pr. Chem. 103, 206) obtained a proteide probably identical with

gluten-casein, which, after deduction of 2-09 p. c. ash, contained

50-36 p. c. C., 16-28 N., 6'79 H., 1-02 S., and 25-55 0.

Gluten-fibrin.

RITTHAUSEN. J. pr. Chem. 91, 296.

On Plant-fibrin, see page 423, and under Gluten.

Preparation, p. 439.

Properties. Separates from the alcoholic solution as a tough brown-

yellow mass, which, when immersed in absolute alcohol, becomes

yellowish-white and opaque, and hardens. When dry, it forms hard,

brittle, horny plates, which, if the drying has been performed otherwise
than in a vacuum, are obtained in the insoluble modification.

Contains, on the average, at 130 135, together with traces of

ash, 54-31 p. c. C., 16-89 N., 7-18 H., and 20-61 0.

Insoluble in water, and converted by prolonged contact with cold

water, or in a shorter time by boiling with water, into a translucent

jelly, insoluble in alcohol, acetic acid, and potash-ley. Swells up in

ammonia-water to a transparent jelly, without dissolving. Dissolves

easily in cold very dilute aqueous alkali, the solution being precipitated

by acids and by metallic salts. Dissolves easily in dilute acetic acid,

forming a brownish-yellow solution precipitable by alkalis, gradually
also in cold aqueous tartaric acid. Dissolves completely in a large

quantity of cold alcohol, the solution during concentration forming on
the surface a soft, transparent film, which is continually renewed ; the

solution in hot alcohol of 30 70 p. c., deposits a large quantity on

cooling.

Maize-fibrin.

GOHHAM. Journal of Science, 11, 206; BerzeL Jahresb. 2, 124.

STEPF. /. pr. Chem. 76, 88; Chem. Centr. 1859, 626; Jahresb. 1859,
592.

RITTHAUSEN. J.pr. Chem. 106, 471.
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Gotham's Zdn. Forms the only proteide of maize-seed, which is

soluble in alcohol.

Preparation. Maize-flour is exhausted by treating it three times
with alcohol of 80 p. c., which is made to act upon it at 40 50, or at

the boiling heat, each time for an hour
; the liquid is distilled till the

tincture begins to show turbidity, then left to cool ; and the mixture of

fat and maize-fibrin which separates is collected. It is freed from fat

by successive treatment with absolute alcohol and ether, or better by
pouring the solution in alcohol of 90 p. c., concentrated as much as

possible, into a large quantity of absolute alcohol, and repeatedly knead-

ing the tough gummy mass with fresh quantities of absolute alcohol.

Having been thus deprived of its ductility, it is cut up, repeatedly
treated with ether, and then again with absolute alcohol, and dried

over oil of vitriol.

Maize-fibrin thus prepared cannot be resolved into separate parts, either by
solution in alcohol of 80 p. c. and partial precipitation with absolute alcohol, or by
solution in aqueous potash of O'l p. c., and precipitation with acetic acid ; or, lastly,

by treatment with acetic acid and precipitation with potash. But if in these opera-
tions the alcoholic solution has been too strongly heated, part of the maize-fibrin is

converted into a modification not soluble in alcohol of any degree of concentration,
and presenting the appearance of a transparent jelly. A second insoluble modifica-
tion is obtained by pouring the concentrated alcoholic solution of maize-fibrin into a

large quantity of ether
;

it dissolves in alcohol, but not in aqueous potash (Ritt-

hausen).

Properties. Yellowish, very tenacious, horny mass, brittle in the

larger lumps, but not friable. Free from ash.

Ritthausen.

mean, at 140.
a. b.

C 54-66 5471
N 15-50 15-53

H 7-45 7'60
S 0-69

O 21-70

100-00

a is maize-fibrin, soluble ; b, insoluble in alkaline water. The nitrogenous sub-

stance extractable from maize-flour by boiling alcohol, reacts like a mixture of plant-
casein and plant-gelatin, and contains 15'6 p. c. nitrogen (v. Bibra).

Maize-fibrin is insoluble in water, whether cold or at the boiling

heat, but is transformed by prolonged boiling with water, aqueous
alcohol, or dilute acids, into the modification insoluble in dilute acids

and alkalis, which then separates from the alcoholic solution as a trans-

parent jelly, becomes horny after drying, and swells up again to a

jelly in strong acetic acid without dissolving (Ritthausen).
Dissolves in nitric acid of sp. gr. 1*2, decomposing on prolonged

boiling. When boiled with oil of vitriol diluted with an equal volume
of water, it dissolves to a light yellow-brown liquid, which is not pre-

cipitated by water. Oil of vitriol at the heat of the water-bath forms
with fibrin a colourless solution, partially precipitable by water, and

assuming a fine violet colour when mixed, after dilution, with cupric

sulphate and potash. Dissolves slowly with faint brown colour in

strong hydrochloric acid, and is precipitated from the solution by water

(Ritthausen).
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Dissolves sparingly in ammonia-water, either dilute or concentrated.
Dissolves easily, more slowly after drying

1

,
in aqueous potash of 0-1 p. c.,

not in lime-water, baryta- water, or in aqueous solutions of the alkaline

carbonates or phosphates. The alkaline solution is precipitated by acids

and by metallic salts (Ritthausen).
Dissolves slowly in the cold, more quickly when heated, in strong

acetic acid, forming a yellow liquid, which becomes milky when mixed
with water, and is precipitated by ammonia or potash. Modified maize-
fibrin swells up in glacial acetic acid to a transparent jelly without dis-

solving. Dilute acetic acid dissolves a small quantity of maize-fibrin,

forming a turbid liquid.
From the solution in acetic acid, cupric acetate, neutral lead acetate,

potassium ferrocyanide, and many other metallic salts, throw down
white cohering flocks, apparently consisting of unaltered maize-
fibrin.

Very dilute alcohol dissolves only traces of maize-fibrin in the cold,
a somewhat larger quantity when heated, and renders the rest insoluble.

Boiling alcohol of 50 60 p. c. forms a clear solution, which on cooling

deposits the whole of the maize-fibrin as a tough viscid mass. Alcohol

of 70 90 p. c. dissolves maize-fibrin even in the cold, and with greater

facility the stronger it is ;
when moderately heated, it quickly dissolves

maize-fibrin to a yellow liquid, which remains clear when quite cold,

even if it has been concentrated to an oily consistence by distilling off

the alcohol.

This is true, especially for alcohol of 80 90 p. c., whereas weaker alcohol, after

it has become watery by partial distillation, deposits the maize-fibrin as a jelly on

cooling. When the solution, concentrated as above mentioned to an oily consistence,

is left to evaporate in a thin layer on a glass plate, the maize-fibrin remains in trans-

parent flexible films (Ritthausen).

Wheat-mucedin.

HITTIIAUSEN. J.pr. Chem. 91, 296.

Mucin. Mucedin. Compare page 423.

Preparation, p. 439.

.Properties. Mucedin, which is gnmmy when recently separated,

forms, after drying in a vacuum, slightly coherent lumps, and after

drying in the air, a transparent, brittle, light yellow mass.

Contains at 130, 54-11 p.c. C., 16-33 N., 6-90 H., 0*88 S., and
21-48 0.

Recently prepared mucedin, stirred up with cold water, diffuses

itself, and forms a turbid gummy liquid, without dissolving to any
considerable extent. Boiling water forms a milk, which, after stand-

ing for a week, deposits tenacious flocks only partially soluble in

alcohol and acetic acid. Dissolves easily in cold very dilute acids, and
is precipitated by alkalis from the acetic solution in gummy flocks ;

easily also in very dilute aqueous alkalis, lime-water, and baryta-water,
the solutions being precipitated by acids and by metallic salts. By
prolonged boiling with moderately dilute sulphuric acid, more than 30

p. c. of the mucedin is obtained as glutamic acid, together with small
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quantities of leucine, but no tyrosine (Ritthausen, J. pr. Chem. 99,

454).
Alcohol of 60 to 70 p. c. dissolves mucedin easily and completely,

the solution not becoming turbid on cooling, but being precipitated in

flocks by alcohol of 90 to 95 p. c. ; alcohol of less than 60 p. c. dissolves

mucedin with aid of heat, and deposits it on cooling, in larger quantity
the weaker it is.

Rye-mucedin. Fine rye-flour is boiled five times with about an

equal weight of alcohol of 80 p. c., the liquid being strained each time
at the boiling heat and then left to cool. The precipitate which settles

after 24 hours from the brown-red liquid is treated successively with

absolute alcohol and with ether, dissolved in boiling alcohol of 80 p. c.,

the solution depositing mucedin on cooling, and a larger quantity when
the alcohol is distilled off. It is dehydrated by immersion in absolute

alcohol, dried in a vacuum over oil of vitriol, dissolved in acetic acid,

and mixed by drops with potash-ley, whereby part of the mucedin is

precipitated, together with the whole of the gum. The purer mucedin
is precipitated from the filtrate by neutralisation with potash (Ritt-

hausen).
Rye-mucedin resembles the similarly named substance from wheat,

and approximates to it in composition. Contains, after drying at 125

130, after deduction of 0-43 p.c. ash, 53-61 p.c. C., 16-84 N., 6-79 H.,
0-50 S., and 22-26 0. (Ritthausen).

Rj^e-mucedin dissolves to a certain extent in hot water ; if the

quantity of water is insufficient for complete dissolution, the residue

becomes suspended, forming a milky liquid, which forms a deposit on

cooling.

By prolonged boiling with water it becomes insoluble in acids and in

alkalis. Dissolves in hot nitric acid of sp. gr. 1*2, with slight evolu-

tion of red vapours, the solution becoming turbid on cooling. Oil of
vitriol diluted with an equal volume of water forms, after boiling for a
short time, a clear reddish solution ; if the solution contains gum, or a
similar substance, the solution is dark brown, and rendered turbid by
black flocks. By prolonged boiling the same products are obtained as
from wheat mucedin, especially a large quantity of glutamic acid. The
solution slightly acidulated with acetic acid is precipitated in white
flocks by mercurous nitrate, acquires a fine violet-red colour when
heated after addition of a small quantity of cupric sulphate and potash,
blue in presence of sugar or gum. Dissolves slightly in cold alcohol

of 30 p. c., more abundantly in stronger alcohol, especially of 60 to 85

p. c., the solutions depositing mucediu again only when strongly con-

centrated and cooled to a low temperature. From these solutions it

is precipitated by absolute alcohol, either as a translucent film, or from
a non-saturated solution as a reddish-yellow translucent jelly, becom-

ing yellowish-grey and opaque when left immersed in absolute alcohol

(Ritthausen).
As Ritthausen's mucedin is the only constituent of rye-flour that is

soluble in alcohol, the plant-gelatin from rye, examined by Helot

(Ann. Pharm. 45, 198), probably belongs to this place. It is obtained

by exhausting rye-flour with alcohol, distilling off the alcohol, and
exhausting the yellow-brown glutinous residue with ether and alcohol.

After drying it is dark brown, horny, and shining, has a faint acid

reaction, contains 0'47 p.c. ash, and after deduction thereof 55-51 p.c.
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C., 15-83 N., 7-97 H. Insoluble in cold, slightly soluble in boiling
water ; dissolves almost entirely in hot dilute acids and in hot acetic

acid, the solutions depositing flocks on cooling, and being precipitable
by alkalis. Dissolves with difficulty in cold, more easily in hot aqueous
ammonia, in aqueous potash, especially when heated, with copious evolu-
tion of ammonia, and formation of potassium sulphide. Dissolves

easily in boiling alcohol, and is precipitated by water. On Plant-albumin
from rye examined by Liebig and Jones, see p. 427.

Plant-gelatin.

BERZELIUS. Pogg. Ann. 10, 248. Berzel. Jahresbr. 7, 231. Taddei,
Brugn. Giorn. 12, 360 ; N. Tr. 4, 2, 154. Schw. 29, 514.

BOUSSINGAULT. Ann. Chim. Phys. 63, 225 ; 65, 301 ; Berzel. Jahresb.

18, 327.

LIEBIG. Ann. Pharm. 39, 142. JONES. Ann. Pharm. 40, 66.

DUMAS & CAHOURS. N. Ann. Chim. Phys. 6, 418.

v. BIBRA. Die Getreidearten und das Brod. Niirnberg, 1860, 152.

GUNSBERG. Wien. Acad. Ber. 44, 429 ; J. pr. Chem. 85, 213 ; Chem.
Centr. 1862, 161 ; Jahresber. 1862, 517.

RITTHAUSEN. J. pr. Chem. 85, 193 ; 86, 257 ; Chem. Centr. 1862, 725 ;

Jahresber. 1862, 519. J. pr. Chem. 88, 141; Chem. Centr. 1863,
401 ; Jahresber. 1863, 418.

Gliadin. Glutin, A constituent of wheat-gluten, perhaps also of

Oats (see below).

Preparation. Obtained together with the other constituents of wheat-

gluten (p. 439).
Or recently prepared gluten is immersed for 24 hours in cold alcohol

of 80'85 p. c. ;
the solution, containing plant-gelatin together with

gluten-fibrin and fat, is evaporated to dryness, whereby the gluten-
fibrin becomes partly insoluble ; and the residue is warmed with very
dilute acetic acid. From the liquid filtered from the undissolved gluten-

fibrin, ammonia added in separate portions first throws down gelatin

containing fibrin, as a gelatinous flocculent mass, then purer gelatin as

a clear colourless varnish. It is dehydrated by immersion in absolute

alcohol, and dried over oil of vitriol in a vacuum, finally at 130 (Ritt-

hausen).
When gluten is exhausted with boiling alcohol, first of 80 85 p. c.

afterwards of 75 p. c., the tinctures, after distillation to one-half, de-

posit flocks of gluten-fibrin containing fat, then, after complete cooling,

first, gelatin containing fibrin, then purer gelatin as a transparent ropy
mass, a portion also remaining in solution together with dextrin and

gum (Ritthausen).

Dumas & Cahours exhaust gluten with boiling alcohol, remove the

deposit which separates on cooling, and concentrate, the liquid then

coagulating in consequence of the separation of plant-gelatin. The
gelatin is purified by exhaustion with ether, alcohol, and water.

v. Bibra proceeds in a similar manner.

The plant-gelatin analysed by Jones was prepared by Liebig, appa-



446 VEGETABLE PROTEIDES.

rently (according to Ann. Pharm. 39, 147) by exhausting wheat-gluten with

alcohol, evaporating, washing the residue with hot water, dissolving
in acetic acid, and precipitating the filtrate with ammonia, whereupon,
before the acetic acid is neutralised, there falls down a white, non-

glutinous but ropy mass, which must be treated with ether to remove
a substance resembling bird-lime. On plant-albumin from gelatin, see

p. 452.

Giinsberg boils wheat-gluten for some hours with water, strains

the greenish-yellow decoction, and concentrates, whereupon films of

starch appear upon the surface, and after these have been separated
and the liquid cooled, the remainder separates into a gelatinous deposit
of gluten-gelatin and a milky turbid liquid. The deposit dissolved in

cold alcohol of 50 p. c. separates out again on concentration, and on

redissolving it in boiling water, and evaporating the solution, it is

obtained as a brown transparent mass, which has partly become
insoluble in boiling water and in weak spirit. Compare p. 447.

Properties. Plant-gelatin is obtained by evaporation of its alcoholic

solution in amorphous, transparent, yellowish-white, brittle laminae ;

by evaporation of its aqueous solution in a vacuum, as a blistered mass.
But if the moist gelatin be immersed for 24 hours in a large quantity
of absolute alcohol and kneaded from time to time, the alcohol which
has become milky arid watery being replaced by fresh alcohol, the mass,
which is gummy at first, becomes opaque, and then dries up in a
vacuum to an earthy, lustreless, easily friable mass (Ritthausen).
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gelatin employed. The solution prepared at the boiling heat also leaves,
on evaporation to dryness, a portion of the gelatin converted into the
insoluble modification. 4. The gluten-gelatin of Giinsberg dissolves

very easily in water containing traces of acid, without neutralising
the acid ; on further addition of acid, the solution becomes turbid and
afterwards clear again (Giinsberg).

With boiling concentrated hydrochloric acid, with nitric acid, with
oil of vitriol and sugar, and withcMpnc sulphate and potash, plant-gelatin
exhibits the same reactions as other proteides.

5. When chlorine gas is passed into a hot aqueous solution of

plant-gelatin, the gas-bubbles become surrounded with a white film,

then rise, and form a floating coherent mass, whilst a glutinous sub-
stance separates at the bottom. Both compounds smell strongly of

chlorine
; the first dries up to a white friable mass, the second to a

hard transparent glue (Giinsberg).

6. Water containing 0-2 p.c. potash (or soda) dissolves plant-

gelatin on prolonged standing, forming a clear yellow alkaline liquid, 1

pt. of potash being capable of taking up 22 pts. or more of plant-

gelatin. It is not till the solution is heated, that sulphide of potassiirm
can be detected in it by nitro-prusside of sodium. 7. Dissolves in

aqueous ammonia less easily than in the fixed alkalis, forming a turbid

liquid, also in lime-water and baryta-water (Ritthausen). Insoluble in

aqueous carbonate or nitrate of potash (v. Bibra).

8. "With iodine-solution, metallic salts, and tannic acid, solutions of

plant-gelatin exhibit the following reactions. a. The cold aqueous
solution is clouded by zinc sulphate, basic lead acetate, silver nitrate,
mercurous nitrate, mercuric chloride and tannic acid. With ferric sul-

phate mixed with sufficient ammonia to produce a blood-red colour, it

forms an orange-coloured or brown precipitate, which contracts to an
elastic mass. b. The solution in alkaline water forms with the same
metallic salts, curdy flocculent precipitates, and moreover precipitates

ferric chloride yellow-brown, cupric sulphate blue, platinic chloride

yellow. It precipitates aqueous or alcoholic iodine, after addition of

potassium iodide, in brown flocks. It is clouded by soluble carbonates,

lime-salts, alum, neutral lead-acetate, and potassium-ferrocyanide, arid

afterwards becomes clear, with separation of unaltered gelatin.
c. From the solution of plant-gelatin in acetic acid, most metallic salts

precipitate unaltered gelatin ; mercurous nitrate immediately throws
down curdy flocks ;

so likewise does mercuric chloride after addition of

potash. d. The alcoholic solution is precipitated only by mercurous

nitrate; clouded by ferric chloride and mercuric chloride (Ritthausen).

9. Plant-gelatin dissolves easily and abundantly in acetic acid,
either cold or warm, dilute or concentrated ; the solution is not preci-

pitated by alcohol, but alkalis and alkaline carbonates precipitate it

completely long before it has become neutral (Ritthausen ; Liebig).

Aqueous tartaric acid dissolves plant-gelatin on boiling ;
in aqueous

oxalic acid it is almost insoluble (Ritthausen).

10. Dissolves abundantly in alcohol of 40 to 80 p. c. ; the solution

is rendered milky by a large quantity of water and by absolute alcohol,

precipitated in flocks by ether. The turbidity produced by water col-
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lects into a clear varnish ; that produced by alcohol into an opaque,
apparently fine-grained coherent film (Ritthausen).

From solutions of plant-gelatin in aqueous acids, dextrin throws
down a precipitate, which does not dissolve either in a larger quantity
of acid, or on further addition of dextrin (Giinsberg, Wien. Acad. Ber.

45, 643; Chem. Centr. 18(53, 460; Jahresb. 1863, 571).

Appendix to the Proteides of Wheat.

Gluten.

On the preparation of gluten, see p. 422. The separation is easier

when the stiff paste formed of wheat-flour and water is left to itself for

a quarter of an hour (v. Bibra).
Of the proteides of wheat which are insoluble in water, a part only

is obtained as gluten, the remainder being diffused in the starch-water,
and deposited for the most part in the lower layers of the starch as a

dark-coloured mass (v. Bibra).

According to Ritthausen, gluten contains 12 to 16 p. c. starch,
htisks and fat, and 16 to 20 p. c. gluten-casein, the rest consisting of

gluten-fibrin, mucedin and plant-gelatin in about equal parts. Fresh

gluten contains about 70 p. c. water, but shrinks after some time and
extrudes some of the water ; in the dry state it contains 70 to 71 p. c.

plant-fibrin, between 3*85 and 9'35 p. c. plant-casein, 7*54 to 19 56

plant-gelatin, and 4'61 to 8'15 p. c. fat (v. Bibra).
In the moist state, gluten forms a light yellow, tough, elastic

adhesive mass, which, when prepared from fine flour, is without taste

or smell, and may be spread out into sheets as thin as paper, and

nearly as large as the hand (v. Bibra). After boiling with alcohol it

is whitish-grey and hard (Ritthausen). Dried gluten is brown, trans-

lucent on the edges, and brittle, and may be kept for a long time if

excluded from moisture (v. Bibra). In hydrochloric acid solution it is

optically Igevorotatory (Bouchardat).

Gluten prepared by JBeccaria's process.

Boussingault.
Marcet. (Ann. Chim. Phys.,

(Ann. Chim. Phys., 36, 27.) 65, 301).

C 54-65 52-54

N 14-50 15-00
H 7-80 7-50
O and S ... 23'05 . 24'96

100-00 100-00

Boussingault's gluten contained 1'3 p. c. ash. See its composition, according to

Ketule (Liebig's Chem. Briefe. 592 ; Jahresber. 1851, 715). In crude gluten freed

as far as possible from fat, Ritthausen found 12 '7 p. c. nitrogen.

Moist gluten coagulates when heated, and becomes for the most part
insoluble in potash-ley, acids, and alcohol, even when merely dried by
heat (Ritthausen).

Dried gluten takes up water again but slowly, and does not com-

pletely recover its extensibility (v. Bibra). Boiling water abstracts plant-

gelatin and other substances from moist gluten, Giinsberg (p. 424), but
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alters its constituents (Ritthausen). By heating- gluten with 6 pts. of
water to 200 220, a turbid brown alkaline liquid is obtained, from
which acids throw down a yellow precipitate (Gmelin. Barral, Compt.
rend. 56, 1118; Jahresber. 1863, 762). Moist gluten soon gives off
carbonic acid, and deliquesces to a varnish-like mass, almost wholly
soluble in alcohol, emitting at the same time an odour of putrefaction
and of hydrosulphuric acid (v. Bibra). In a vessel filled with water and
closed, gluten does not alter

; but in a cold aqueous extract of malt it

swells up, gives off gas, and dissolves to an acid liquid, which is pre-
cipitated by boiling, and also, after this precipitate has been filtered off,

by mercuric chloride (Mulder, Scheik. Verhandl. en Onderzoek. 130 ;

Jahresb. 1858, 586).
Fresh gluten not coagulated by heat, dissolves in dilute phosphoric

acid. It dissolves in cold fuming sulphuric acid with reddish black-
brown colour (Link, Schw. 14, 292): hot oil of vitriol colours it

violet to black, eliminates combustible gas, and forms acetic acid and
ammonia (Fourcroy). By prolonged boiling with moderately dilute

sulphuric acid, it yields tyrosine, leucine, glutamic acid (p. 437), aspartic
acid, and a product resembling leucine, containing 47-03 p. c. C., 13-46 N.,
7-43 H. (Ritthausen). When fresh gluten is added to oil of vitriol as

long as it dissolves without blackening, and the solution after dilution
with water is distilled, with addition of peroxide of manganese, there

pass over, with the vapour of water, the following volatile acids :

benzoic, formic, acetic, propionic, butyric, and valeric, together with the

aldehydes of acetic, butyric, valeric, and benzoic acids ; the residue

supersaturated with lime, gives off ammonia smelling of volatile bases

(Keller, Ann. Pharm. 72, 14). Warm nitric acid colours fresh gluten
yellow, and decomposes it, with formation of oxalic acid, sulphuric
acid, ammonia, sebaceous matter, artificial bitter, and other products.
- Gluten dissolves in hot hydrochloric acid with brown colour, forming
ammonia after some time (Poulletier de la Salle). The bluish-grey
solution in strong hydrochloric acid deposits grey flocks on addition of

water, and forms with the colourless solution of starch in fuming
hydrochloric acid, a purple-red liquid, becoming yellow on addition of

alkalis (Vauquelin), Aqueous hydrochloric acid containing 0'05 to

0-2 p. c. of the gaseous acid, dissolves gluten, forming a solution which
becomes turbid on boiling, gives with acids precipitates which dissolve

in excess of the precipitant, and in general is precipitated by all sub-

stances which precipitate solutions of albumin. (Bouchardat, Compt.
rend. 14, 962). In chlorine-water gluten coagulates to yellowish-white
flocks containing chlorine (Fourcroy & Vauquelin).

In aqueous ammonia gluten swells up and falls to pieces without

dissolving (Lenk). Coagulated gluten also does not dissolve in am-
monia or carbonate ofammonia. Gluten precipitated from acid solutions

by carbonate of ammonia becomes transparent and gummy when
washed with water, and partly dissolves ; the portion precipitated from
the alkaline solution by carbonate of ammonia dissolves in a con-

siderable quantity of water (Berzelius). Aqueous potash and soda

dissolve gluten in the fresh state, or when it has been dried without ap-

plication of heat ;
from the solution diluted till it contains only O'l to

0-2 p. c. and kept cold, the gluten is precipitated by acids without altera-

tion (RitthausenX Sulphuric, hydrochloric, and nitric acid precipitate
the alkaline solution immediately ; phosphoric and acetic acids form,

VOL. XVIII. 2 G
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at the point of exact neutralisation, a precipitate which dissolves in a

larger quantity of acid, forming a solution which may be evaporated
without coagulation (Taddei). Hot aqueous alkalis dissolve gluten
with evolution of ammonia (Fourcroy).

Gluten dissolved in aqueous potash, precipitates the salts of the earths

and heavy metals. Cuprate of ammonia dissolves one part of the gluten
and causes another portion to swell up, but this latter portion does not

dissolve even in a larger quantity of cuprate of ammonia. The solu-

tion is precipitable by hydrochloric acid (v. Bibra). Fresh gluten
hardens with mercuric oxide or chloride, the latter being partly reduced
to calomel, and becomes unputrefiable (Taddei). On the reaction of gluten
with, starch, see xv, 91.

Gluten, either fresh or dried without heating, dissolves almost wholly
in dilute acetic acid or aqueous tartaric acid in the cold, leaving starch,
remains of husks, and fat, and forming a liquid rendered milky by fat,

without appearance of decomposition. Of gluten dried by heat, a small

portion only dissolves in alkalis, acids, and alcohol (Ritthausen).

Gluten is insoluble in ether, volatile oils, &nd faced oils. Its solutions

are precipitated by infusion of galls.
Alcohol acidulated ivith sulphuric acid takes up from gluten a large

quantity of soluble matter, and the solution gives with water a pre-

cipitate (containing 15-3 p. c. nitrogen), the quantity of which amounts
to only part of the dissolved substance (v. Bibra). Boiling alcohol con-

taining 3 to 5 p. c. sulphuric acid, dissolves gluten easily and com-

pletely, with exception of the starch and husks (Fr. Schulze, J. pr.
Chem. 16, 187). Alcohol acidulated with acetic acid dissolves a small

quantity of gluten in the cold, and from the hot-prepared solution part
of the dissolved matter separates on cooling (v. Bibra).

Fresh gluten digested with alcohol containing potash dissolves almost

completely, and the solution is but slightly clouded by water, in con-

sequence of the separation of fat. The solution contains sulphide of

potassium ; is not precipitated by hydrochloric acid ; deposits carbonate
of potash free from organic matter when carbonic acid gas is passed
through it ; and turns brown when evaporated, even after neutralisa-

tion (v. Bibra).
When gluten is treated with cold alcohol, first of GO and afterwards

of 80 p. c., plant-gelatin, gluten-fibrin, and mucedin chiefly pass into

solution, whilst gluten-casein remains undissolved. Boiling' alcohol

likewise partly converts the three first-named constituents of gluten
into insoluble modifications, which mix with the gluten-casein. In this

manner is produced the plant-fibrin or vegetable fibrin of some chemists,
that is to say, the portion of gluten insoluble in boiling alcohol, con-

sisting mainly of gluten-casein with smaller quantities of gluten-fibrin,

mucedin, and plant-gelatin, which have been rendered insoluble

(Ritthausen). See also p. 425.

It had previously been observed by v. Bibra, that a part of the
constituent, of gluten which is soluble in cold alcohol, acquires by
repeated treatment with boiling alcohol the properties of plant-casein
and plant-fibrin.
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The constituent of wheat-gluten which is soluble in alcohol, and is

obtained as a soft glutinous mass by evaporating the alcohol and wash-

ing out the residue, deposits, when its ammoniacal solution is mixed
at the boiling heat with acetic acid, a white coagulum which gives up
ammonia when boiled with water containing acetic acid : Plant-albumin

from plant-gelatin. It contains, according to Will & Varrentrapp, 53'81

p. c. 0., 15-88 N., 6-98 H., and 23-43 0. (Liebig, Ann. Pharm. 39,

144).

The Phytocoll of the older chemists, Phyteumacolla of Brandes, is ob-

tained from agarics, from Lichen parietinus, from the root-bark of

Aylanthus glandulosa, from bitter-apples, from Spanish pepper, and from
Colombo -root, and is the part of the aqueous extract of these plants
which is insoluble in boiling alcohol. It is nitrogenous and dissolves

in water, to a non-gelatinising liquid precipitable by many metallic

salts and by infusion of galls. See Vauquelin (Ann. Chim. Phys. 85,

5); Bracounot (J. Phys. 84, 295 and 340. Ann. Chim. Phys. 6, 130);
Planche (A. Tr. 22, 2, 158) ; Lassaigne & Feneulle (Ann. Chim. Phys.

12, 358); Schroder (Berl. Jahrb. 1819, 67).

In Borago officinalis (Proust) and in other boraginaceous plants

(Braconnot) there occurs a nitrogenous substance differing from gluten,
the solution of which in boiling water solidifies on cooling to an im-

perfect jelly, and is precipitated by acids. It is also precipitated by
the alkaline earths and by most salts, but tannin merely clouds it

(Braconnot, J. Phys. 84, 274).

The Goemin of Blondeau occurs in the Carragheen mass of Sphce-
rococcus crispus, in which, however, Mulder and C. Schmidt (xv, 210)
found only vegetable mucilage, [t is obtained by boiling the plant
with water for several hours, precipitating the mucilage thus obtained

with alcohol, redissolving the precipitate, and diluting the aqueous
solution. Translucent hard skins, neutral, swelling up in water, and
soluble in aqueous alkalis. Contains 21-80 p. c. C., 21-36 N., 4-87 H.,
2-51 S., and 29-46 0. (Blondeau, Compt. rend. 60, 860 ;

Krit. Zeitschr.

8, 419).

Emulsin.

LIEBIG & WOIILER. Ann. Pharm. 22, 17; Berzel. Jahresber. 18, 346.

THOMSON & RICHARDSON. Ann. Pharm. 29, 180 ; Berzel. Jahresber.

20, 429.

ORTLOFF. N. Br. Arch. 48, 12 ; Berzel. Jahresber. 27, 397.

BULL. Ann. Pharm. 69, 145 ; Lieb. Kopp Jahresber. 1849, 493.

Robiquet's Synaptase. The constituent of sweet and bitter almonds

which, in contact with water and amygdalin, decomposes the latter

(xv, 426).

Simon's statements on the occurrence of emulsin, or a substance capable of de-

composing amygdalin, in the seeds of the poppy and of other plants (xv, 427), have
not been confirmed by Ortloff.

Emulsin is not known in the separate state. See Liebig and Wohler's

preparation of a solution of emulsin (xv, 427).
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Ortloff macerates the paste of sweet almonds with three times its

weight of water for 5 to 7 days at 19 to 25 ; filters the liquid, which
has become sour and is covered with coagulated albumin

; precipitates
the filtrate with alcohol of 82 p. c.

; washes the precipitate with
alcohol ; and dries it at a temperature below 37. Emulsin thus pre-

pared, when left under water for 24 hours and occasionally shaken,
leaves a large quantity of phosphates of the earthy alkalis

;
the puri-

fied emulsin may then be precipitated from the filtrate by alcohol.

Bull leaves the aqueous extract of sweet almond paste to itself for

12 hours
; separates the watery liquid from the supernatant cream ;

removes legumin by acetic acid ;
and precipitates the emulsiu from the

filtrate by addition of 2 vol. alcohol of 85 p. c. When exposed to the
air after washing with alcohol, it absorbs moisture, and is converted
into a brown transparent gum, which when triturated with water,
dissolves but partially, and leaves a residue containing 20 to 44 p. c.

of phosphates. After washing with ordinary and absolute alcohol in

succession, and drying in a vacuum over oil of vitriol, it is obtained as

a white lustreless friable mass, much more soluble than that which
has been dried in contact with the air, but still yielding a considerable

quantity of ash.

Thomson & Richardson leave almond-milk mixed with several times
its volume of ether to stand for several weeks

; then remove the

ethereal layer ;
and precipitate the lower, nearly colourless aqueous

liquid with alcohol. The precipitate obtained in the latter case no

longer acts upon amygdalin ; the precipitate formed by alcohol is,

after drying in a vacuum, a white powder which dissolves in water.
On the reaction of this emulsin with baryta, see below.

Robiquet's synaptase (J. Pharm. 24, 326; Ann. Pharm. 28, 389) is

obtained by freeing the extract of almond paste from legumin by
acetic acid, and from gum by neutral lead acetate ; then removing the

excess of lead from the filtrate by sulphuretted hydrogen; expelling
the excess of that gas by leaving the filtrate in a vacuum; and finally

precipitating with alcohol. It is yellowish-white, brittle, and shining,

very soluble in cold water ; the solution coagulates at 60, and becomes
turbid and fetid by exposure to the air. It is coloured rose-red, with-

out precipitation, by iodine, and still acts on amygdalin, even at 80".

According to Ortloff and Bull, the precipitate formed by lead acetate

decomposes amygdalin, but the filtrate does not.

Properties. Recently precipitated emulsin forms white flocks which

dry up to a white lustreless mass (Bull). Ortloff 's emulsin is a red-

grey or red-yellow gum. Scentless and tasteless. According to

Bull, it has an acid reaction.

Thomson Bull.

Eichardson. at 100 130. Ortloff.

C 48-78 43-06 27'9

N 18-82 11-52 9-3

H 773 7-20 5-4

OandS.... 24'67 38'22 57'4

100-00 100-00 100-0

Thomson & Eichardson do not appear to have determined the amount of ash in
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their enmlsin. Bull's emulsin contained 22 to 36 p. c. ash, Ortloff's 17'5 p. c., which
are deducted.

Decompositions and Combinations. Emulsin, after drying at 100

for some hours, is still capable of decomposing amygdaliu ; aqueous
emulsin is coagulated by boiling, and then becomes inactive (xv,

426) (Bull).

Aqueous emulsin becomes turbid at 35 to 36, opaque at 45, and

begins at 80 to deposit a granular precipitate, the quantity of which

goes on increasing up to boiling heat. If the liquid be filtered after a

few minutes' boiling (and after cooling? Zr.), the filtrate becomes opaque
every time that it is heated, and clear again on cooling (Bull).

a. The granular precipitate, amounting to -^ of the emulsin, is

white, friable, and contains 48-74 to 59-1 p. c. phosphates of the earthy

alkalis, besides nitrogenous organic matter in which plumbate of potash

does, not indicate the presence of sulphur. b. From the filtrate alcohol

throws down 30 p. c. of the emulsin, as a white granular precipitate

containing 18 to 35 p. c. phosphates, and after deduction of these,
42-92 p. c. C., 6-87 H., 8-48 N., 41-73 S. and 0. This precipitate
dissolves in water, leaving only a small residue ; and on adding lead-

acetate to the solution, the sulphuretted portion is precipitated as a

lead-salt, which, when decomposed by hydrosulphuric acid, yields a

syrup containing nitrogen and phosphoric acid. There remains in

solution a nitrogenous gum, which forms a jelly with potash. c. After

the precipitation with alcohol, a product of the decomposition of

emulsin remains in solution, amounting to one-fourth of the emulsin

used (Bull).

Aqueous emulsin decomposes, with turbidity and evolution of gas,
when left exposed to the air for several days (Bull). The decomposi-
tion is not attended with evolution of sulphuretted hydrogen, and the

power of the emulsin to act upon amygdalin is not completely destroyed
till after several weeks (Ortloff). By tincture of iodine aqueous
emulsin is coloured rose-red according to Robiquet, not altered accord-

ing to Ortloff, precipitated yellow-brown according to Bull.

Emulsin dissolves in fuming hydrochloric acid, without producing
the blue coloration characteristic of the proteides. Aqueous emulsin is

not precipitated by acids ; acids prevent the coagulation of emulsin on

boiling (Ortloff).

Emulsin swells up in potash-ley, with evolution of ammonia, but
does not dissolve ; it does not yield alkaline sulphide by boiling with

potash (Ortloff). With boiling baryta-water, it continually gives off

ammonia, and forms a soluble bitter baryta- salt, perhaps belonging to

a peculiar acid, emulsic acid (Thomson & Richardson).

From aqueous emulsin, alkaline carbonates throw down white flocks

soluble in excess ; baryta-water and lime-water throw down jellies,
1 which are insoluble in excess of the precipitant, but dissolve in nitric

acid; most metallic salts and tannic acid throw down white preci-

pitates (Ortloff).

When emulsin recently precipitated and redissolved in water is

freed from phosphates by lime-water, the filtrate, which still, however,
acts upon amygdalin, is not precipitated by neutral acetate of lead ; but
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from the aqueous solution of the dried einulsin which has been pre-

cipitated by lime-water, neutral acetate of lead throws down large

quantities of a lead-salt, by the decomposition of which with hydro-
sulphuric acid, a nitrogenous, acid, amorphous gum is obtained, which
does riot dissolve in alcohol or ether, and forms a soluble salt with

magnesia, insoluble salts with baryta and silver oxide (Bull).
Emulsin is insoluble in alcohol and in ether. Aqueous emulsin is

precipitated by alcohol, merely in consequence of the presence of phos-
phates of the earthy alkalis. When almond-milk is neutralised with
lime-water or ammonia, the filtrate is no longer precipitable by alcohol,
but still acts upon amygdalin.

From aqueous gummic acid purilicd by dialysis, and from albuminic

acid purified in like manner (p. 305), aqueous emulsin throws down
white pulverulent precipitates soluble in acetic acid

; impure albuminic
acid and gum arabic are not precipitated (Graham, Ann. Pharm, 121,

62).

Diastase.

PAYEN & PERSOZ. Ann. Chim. Phys. 53, 73 ; J. Chim. med. 9, 358 ;

Berzel. Jahresber. 14, 281
;
Ann. Chim. Phys. 56, 337.

PAYEN. Ann. Chim. Phys. [4], 7, 387 ;
Jahresber. 1866, 662.

DUBRUNFAUT. Compt. rend. 66, 274; Les Mondes, 16, 317; Chem.
Ccntr. 1868, 1025.

Maltin of Dubrunfaut The constituent of germinating cereal-grains
which effects the conversion of starch into dextrin and sugar. Dis-

covered by Payen & Persoz in 1863.

Occurrence. Most abundantly in germinating cereal- seeds when
the radicles have attained the length of the grain. Also in the eyes
of potatoes, and in the parts below the buds of Aylanthus glandulosa.
The radicles of cereal grains, the roots and full grown shoots of pota-
toes are free from diastase (Payen and Persoz). The radicles, but not
the cotyledons of cereal-seeds, have the power of converting starch

(Balling, Gahrungschemie, 3 Aufl. 1, 1, 273).
Since paste prepared with river water liquefies on standing, which

is not the case with paste prepared with boiled or distilled water
since further starch is liquefied by cold-prepared infusion of raw wheat
or rye, or of raw barley at 50, and tannic acid added to these liquids
throws down active precipitates, whilst the filtrate becomes inactive,
Dubrunfaut supposes them to contain diastase or a similar ferment.

The ptyalin of saliva (p. 347) is, according to Coutaret (Compt. rend.

70, 382 ; Chem. Centr. 1870, 18), identical with diastase.

Preparation. Fresh malt is triturated with half its weight of

water, and the liquid strained and pressed from it is mixed with a

quantity of alcohol sufficient to precipitate the greater part of the

nitrogenous matter, then filtered, and the filtrate is precipitated with

an additional quantity of alcohol. The impure diastase thus obtained

is purified by dissolving it three times in water and precipitating with
excess of alcohol, and dried in a stream of air at 45 50 (Payen &
Persoz).
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More recently Payen (Ann. Chim. Phys. [4], 7, 387) uses only

barley from the last harvest, and of one and the same variety, which
has germinated regularly, is free from mould, and has formed sprouts

equal in length to the grains. It is dried in a current of air at a tem-

perature not exceeding 50, freed from the radicles, coarsely ground,
and digested for an hour or two with water of 30. The solution

separated by pressure and filtration is evaporated on the water-bath
at a temperature not exceeding 70 75, filtered from the coagulated
albumin, and precipitated by stirring it briskly with alcohol not anhy-
drous and not in excess.

Diastase thus prepared is, according to Dubrunfaut, a mixture con-

taining the ferment of malt, Dubrurifaut's maltin, only partly in an
altered state. From infusion of malt prepared at 40, there are ob-

tained : a, by heating to 75 ; &, by precipitation with 2 or 3 vol.

.alcohol
;

and c, by precipitation with excess of alcohol : various pre-

cipitates, of which that thrown down by 2 to 3 vol. alcohol is capable
of liquefying 200,000 times its weight of starch, and converting 10,000
times its weight of starch into sugar, whereas the other precipitates
have little or no activity.

a. The first precipitate, which separates after two hours' heating
to 75, is inactive after washing, and contains 15 p. c. nitrogen. The
filtrate becomes less active at the same time. b. When infusion of

malt is completely precipitated with alcohol, the precipitate has but
little activity, dissolves partially in water, and contains 8 to 9 p. c.

nitrogen. By solution in water and reprecipitation with alcohol, it is

obtained poorer in nitrogen, and still less active, and then dissolves in

water to a gummy strongly Isevorotatory liquid. On repeating the

solution and precipitation, the precipitate suffers still further diminu-

tion, both in quantity and in activity. c. When infusion of malt is

precipitated with 2 to 3 vol. alcohol of 90 p. c., flocks of maltin are

precipitated, together with an insoluble substance rich in nitrogen.

They exhibit the above-mentioned reaction with starch, and are

strongly laavorotatory. d. When the filtrate is mixed with more
alcohol as long as a precipitate is thereby formed, an optically inactive

syrup is thrown down, which is soluble in water, contains 3 to 4 p. c.

nitrogen, and liquefies only 2,000 times its weight of starch (Dubrun-
faut).

The diastase obtained by the process of Payen & Persoz is nearly
white, amorphous, tasteless, and neutral to vegetable colours. It

contains less nitrogen in proportion as it has been more completely
purified.

On the action of diastase on starch, see xv, 90 and 306 ; further,
Museums (Compt. rend. 54, 194; Jahresber. 1861, 719; Ann. Chim.

Phys. [4], 6, 177; Chem. Centr. 1865, 1163; Jahresber. 1865, 598) and

Payen (Compt. rend. 53, 1217; Jahresber. 1861, 717. Ann. Chim.

Phys. [4], 7, 387; Jahresber. 1866, 662), who maintain the correctness

of their former views.

Mulder (Chemie des Bieres, Leipzig, 1858, 193), and Oudemans &
Rauwenhoff (Kcheik. Onderz. 2, 1, 1

;
Jahresber. 1858, 49) regard the

independent existence of a peculiar organic compound possessing the

power of converting starch into sugar, as not established.

Dry diastase, when kept for a long time, loses its power of convert-

ing starch ; diastase dissolved in water quickly becomes acid, and at
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the same time inactive (Payen & Persoz). After two or three days
keeping- in moist air, it forms lactic acid from starch (Boutron &
Fremy, N~. Ann. Chim. Phys. 2, 257; Ann. Pharm. 39, 190.) On the
conditions under which the action of diastase on starch is arrested, see xv, 90.

Diastase does not act on the integuments of starch-granules, or on
gum arabic, inulin, woody fibre, albumin, or gelatin. Its aqueous
solution is not precipitated by basic acetate of lead (Payen & Persoz).

The action of diastase on starch is also prevented, according to

Payen & Persoz, by tannic acid. According to Dubrunfaut, on the
other hand, tannic acid throws down from infusion of malt, the salt

which he designates as tamiate of maltin ; it contains 9 to 10 p. c.

nitrogen, and 20 p. c. tannic acid, and acts upon starch like maltin.
The cerealin of Mege-Mourries is a ferment-like body obtained from

wheat-bran. The bran is freed from dextrin and sugar by six hours'

digestion with 10 times its weight of dilute alcohol, then digested for
half an hour with water, and the filtrate is evaporated at 40.

The aqueous solution of this amorphous body coagulates at 75 ;

exhibits in a high degree the power of liquefying starch-paste, and
induces lactic fermentation. It is not altered by rennet. Acids pre-
cipitate the cerealin in curdy flocks ; alkalis do not render its solution

perceptibly turbid, but they interfere with its power of liquefying
starch-paste. Cerealin is insoluble in alcohol, ether, and oils (Mege-
Mourries, Compt. rend. 37, 35] ; 38, 505 ; 42, 1125 ; Jahresb. 1853

757; 1854, 332; 1856, 809).

Baregin.

VAUQUELIN. Ann. Chim. Phys. 39, 173. Ann. Chim. Phys. 28,98;
N. Tr. 11, 1, 187.

MONIIEISI. Die Heitquellen von Aachen, Burtscheid, Spaa, Malmedy, und
Heilstein. Aachen, 1829, p. 238.

GIMBERNAT. Repert. 14, 270. Brugn. Giorn. 12, 178.

LONGCHAMPS. Ann. Chim. Phys. 62, 144.

DAUBENY. Transactions of the Linncean Society, 16,184; Ann. Pharm.
10, 336.

BONJEAN. N. J. Pharm. 15, 321 ; Pharm. Centr. 1849, 856 ; Jahresber.

1849, 619.

Bouis. Compt. rend. 41, 1162.

Glairin of Chaptal ; Zoogen of Gimbernat. A nitrogenous substance,

occurring in many warm sulphur-springs, or formed in them under the
influence of air and light. According to St. Vincent and Dutrochet, it

is a plant, Tremella thermalis or Nostoch thermalis ; Turpin, however (Ann.
Pharm. 17, 344), found the nearly colourless, transparent, and gelatinous

baregin of Longchamps to be perfectly destitute of organization, but
to be filled with spores lying within it. Another kind of baregin,

namely, that of Neris, is certainly organised. Such, indeed, is the dis-

tinction between the baregine and sulphuraire of Bouis.

The mineral water of Vichy flows out colourless, but, after stand-

ing for some time exposed to the air, becomes green by transmitted,
red by reflected light, and deposits a brown glutinous sediment con-

taining, besides lime, alumina, and ferric oxide, a nitrogenous sub-
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stance soluble in alkalis, and precipitated with brown or blue colour by
acids. The green water deposits at 81 a green coagulum, which turns

yellow at 100 ;
acids precipitate from it greenish-blue, gelatinous

flocks, which dissolve with purple-red colour in aqueous carbonate of

potash, and arc reprecipitated by acids. Alcohol also throws down
from the green water dark green flocks, whilst the filtrate appears
yellow, and leaves on evaporation brown animal matter, together with
salts. When the green water is evaporated, baregin separates on its

surface in brown films, and alcohol throws down from the filtrate a

brown, glutinous, very weet substance, soluble in water, and preci-

pitable by tincture of galls ; finally there remains in solution, together
with salts, a substance precipitable by tincture of galls (Vauquelin).

The mineral springs of Aachen, JBurtscfteid, Spaa^ Malmedy, and
Heilstein yield a water which deposits flocks of baregin on boiling-.

This baregin is gummy and greyish-white in the moist state, trans-

lucent, like horn, when dry. It is nitrogenous ; does not putrefy ;

dissolves slightly in cold, more freely in hot water, to which it imparts
the smell and taste of weak flesh-broth. It is precipitated from con-

centrated aqueous solution by acids, and redissolved by an excess ;

dissolves easily in aqueous caustic potash, less easily in carbonate of

potash. The aqueous solution precipitates basic lead acetate slightly
and slowly, not mercuric chloride ; gradually reduces auric chloride, and

precipitates tincture of galls. Baregin is not soluble in alcohol or in

ether (Monheim).

The water of Aix in Savoy smells like broth, in consequence of the

presence of animal matter, and is precipitated by mercuric chloride and
tincture of galls. The vapours which rise from the hot spring impart
the same taste to water in which they are condensed ; the water also

becomes turbid and slimy, and deposits gelatinous flocks, which dry up
to a nitrogenous, translucent film, putrefy in the moist state, dissolve

in boiling water, and yield gelatin on evaporation. Similar pheno-
mena are exhibited by the hot springs of Baden and Ischia (Girn-

bernat).

Bonjean distinguishes glairin, glairidin, and zoiodiu. Glairin from
the sulphur-water of Aix is white-grey after drying at 40, inodorous,
and horny. It contains a little nitrogen but no iodine; dissolves

slightly in water, more freely in concentrated acids, and is precipitated
from this solution in blue-white flocks. The water which drops from
the glairin deposits Bonjean's zo'iodin in violet laminae ; the water of

Aix, mixed with rain-water, deposits glairidin (Bonjean).

Yeast.

THENARD. Ann. Chim. 46, 294 ; N. Geld. 2, 408.

COLIN. Ann. Chim. Phys. 28, 128; 30, 42.

BRACONNOT. Ann. Chim. Phys. 47, 59.

QUEVENNE. J. Pharm. 24, 265, and.329 ; J. pr. Chem. 14, 328, and 458.

MULDER. Scheik. Onderzoek. 2, 409 ; Berzel. Jahresber. 25, 720.

SCHLOSSBERGER. Ann. Pharm. 51, 193; Berzel. Jahresber. 25, 736.
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R. WAGNER. J.pr. Chem. 45, 241; Lieb. Kopp Jaliresber. 1847 and

1848, 470.

LIEBIG. Ann. Pharm. 153, 1.

Seer-yeast. Wine-yeast. Ferment. On the conditions of yeast-formation, the

external properties of yeast, and its action on sugar, see xv, 265 276.

Yeast is a form of development of various kinds of fungus, and in

the mature state consists, according- to Lermer, of the cell-wall ;
the

primordial sac adhering thereto ;
a granule-mucous substance ;

the

protoplasma ;
and a watery cellular liquid, which lies in the proto-

plasma in greater or lesser drops, the vacuoles.

The beer-yeast used for the following analyses was either thoroughly
washed, or purified by the following process given by Schlossberger
and Wagner.

The yeast contaminated with residues of beer and hops, is washed

by stirring it with water, and leaving it to settle ; the washed deposit
is strained through fine linen which allows the yeast-cells to pass

through, but retains the mechanical admixtures, and in this manner
the portion of the yeast-substance insoluble in water is obtained. For

analysis it is exhausted with cold and hot alcohol, and then with boiling

ether, both of which liquids dissolve out resins, bitter substance, and

fat, liquid and solid. After this treatment, and drying at 100, the

yeast appears as a white, scentless, and tasteless flour
;
the cells,

which have become somewhat smaller, exhibit, instead of a nucleus,
numerous small grains (Schlossberger).

Analyses of Yeast.

Keichen-
Mitscher- Schlossberger. Wagner. bach.

Marcet. Dumas, lich. Mulder. a. b. a. b. at 100.

C .... 30-5 .... 50-6 .... 47-0 .... 50-85 .... 49'52 .... 47'58 .... 44'37 .... 49 76 .... 34'57
N .... 7'6 .... 15-0 .... 10-0 .... 11-08 .... 12-14 .... 9'89 .... 9'20 .... 9'17 .... 7'41
H .... 4-5 .... 7'3 .... 6-6 .... 7-16 .... 6"61 .... 6'47 .... 6'04 .... 6'80

In Marcet's analysis, and, apparently, in that of Beichenbach (Ann. Pharm. 153,

10) the ash is not deducted.

Yeast contains sulphur as a constant constituent (Quevenne ; Bra-

connot; Liebig); O6 p. c. S. (Mitscherlich); 0*387 to 0-685 p. c.

(Liebie:).
The composition of yeast varies from one day to another, in conse-

quence of changes going on within it (Liebig). Wagner also found

yeast merely washed with water and dried, to be very variable in

composition. Schlossberger's top-yeast (a), after standing for a week
at 10 in contact with a little beer, whereupon a considerable quantity
of carbonic acid was evolved, contained only 9'14 p. c. nitrogen. The
amount of ash varies, on the average, from 7 to 8 p. c. (Liebig).

Schlossberger's top-yeast (a\ treated as above, contained 2'5, his

bottom-yeast (b) 3 '5 p. c. ash
; Wagner's bottorn-yeast (b) contained

5'29 p. C. ash. On the composition of the ash, see Mitscherlich, Bull (Fogg. 76,

338), Liebig (Ann. Pharm. 153, 11).

Yeast-cells consist of a non-azotised membrane, and an internal

substance containing both azotised and non-azotised constituents.

By alternate treatment with acetic or weak hydrochloric acid, and
warm potash-ley, the cell-membranes are obtained translucent, not quite
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free from granular matter, not quite free from nitrogen, and to an
amount not exceeding 17 p. c. of the dry yeast. They then contain, at

100, after deduction of about 1 p. c. ash, 44-90 p. c. C., and 6'73 H. ;

produce grape-sugar when boiled with dilute sulphuric acid ; do not
dissolve in aqueous acids or in cuprate of ammonia (Schlossberger,

Liebig). Mulder, by treating yeast with potash and hydrochloric acid,

obtained the cellular substance of the membranes as a semi-transparent

jelly containing 44-57 p. c. C. and 6-25 H.
Yeast-cells swell up under water, the vacuoles then increasing in

size, till they sometimes extend to the cell- walls; at the same time

water is taken up, and liquid from the contents of the cells passes
into it (Lermer).

Even after repeated treatment with water, yeast still continues to

give up organic matter to that liquid (Quevenne\ Yeast-water leaves,
on evaporation on a vacuum, a yellow-brown, bitter and acid residue,
which dissolves slightly in water and ether, and is decomposed by water,
with formation of a white deposit (Colin).

Water abstracts from yeast, proteides, phosphoric acid, acetic acid,

lime, and dextrin, which bodies remain as a brown-yellow extract when
the aqueous solution is evaporated. From yeast which has been
exhausted with cold water, boiling water still extracts a large quantity
of altered protein-substance, phosphoric acid, and lime ; the deliquescent
extract which remains on evaporation, yields, when its aqueous solution

is precipitated with alcohol, a precipitate containing 39-59 p. c. ash,
andin the organic part, 42-63 p. c. C., 12-68 N., and 6-59 H. (Mulder).

500 grammes of moist beer-yeast, washed on a filter with cold water,

yield thereto less than 0*1 grm. phosphoric acid. But when 280 grammes
of this washed yeast, corresponding to 48-2 grammes of yeast dried at

100, are suspended at a time, in 1,600 cub. cent, of water containing

creosote, de-aerated by boiling, and cooled to 40 in a stream of car-

bonic acid, and the liquid is left each time to itself for 24 hours at

20 to 30, the quantity of phosphoric acid extracted by eight such

washings amounts to 1-63 grm., or more than J of the whole quantity

present. The first four portions of water take up quantities of phos-

phoric acid, varying between 56 and 76 milligrammes ; the fifth portion
takes up 346 ;

the sixth, 444
; the seventh, 371 ;

and finally, the eighth
takes up 190 milligrammes of phosphoric acid. There remains a skeleton

of yeast, which is still capable of inverting sugar and exciting fer-

mentation (Bechamp, Compt. rend. 61, 689 ; Par. Soc. Bull [2], 5, 396 ;

Jahresber. 1865, 604).
When fresh pasty beer-yeast is washed by decantation four times in

succession, with 6 to 8 vols. water, and then suspended in water, this

last water takes up little from it in three or four hours ; but if the yeast
thus washed be placed for some time in contact with its own volume
of water, it again gives up to the water a large quantity of organic
matter, whereby a slightly acid, colourless, and tasteless liquid is

obtained, which exhibits a slight milky turbidity with basic lead

acetate and with tannic acid, and deposits white flocks in contact with

the air. The liquid mixed with traces of prussic acid, remains clear,

and free from mould for weeks. The liquid, whether containing prussic
acid or free from it, brings about the conversion of cane sugar into

inverted sugar, described at page 273, vol. xv, but loses this

property by boiling. It contains the ferment precipitable by alcohol,



YEAST. 461

mentioned at page 273, vol. xv. (Berthclot), Bechamp's Zymase. See

Bechamp (Compt. rend. 59, 496 ; Jahresber. I860, 574).
Yeast, when covered in the pasty state with water, gives off in

the cold, and more abundantly when heated to 30 35, carbonic acid

without nitrogen, and produces alcohol. At the same time the quan-
tity of cellulose in the yeast (or at all events of a constituent insoluble

in weak potash-ley and dilute hydrochloric acid) does not diminish in

such quantity as to allow us to suppose that the alcohol results entirely
from its decomposition (Liebig). Yeast-cells completely deprived of

sugar by fermentation do not sprout any more
; they possess thicker

membranes, and the plasma contained in them is granular, and dimi-

nished in quantity (Nagele).
The liquid standing over fermented yeast, and obtained by washing

out the residue, deposits coagulated albumin on boiling ;
it contains

phosphoric acid, a nitrogenous and sulphuretted body precipitable as a

syrup by alcohol, and leucine. Yeast-cells, exhausted by fermentation
and washing, dry up to a brown tenacious mass, containing, on the

average, 5*64 p. c. N., and 0*53 S., that is to say, a smaller proportion
of nitrogenous constituents than fresh yeast. They yield to weak
potash-ley a substance resembling casein, containing 11-39 p. c. N., and

precipitable from alcoholic solution by acids (Liebig).
On suspending half a kilogramme of washed beer-yeast free from

sugar, in water which has been de-aerated by boiling, mixed with a
few drops of creosote and left to cool in a stream of carbonic acid, and

digesting it for five days at 30 50, very pure nitrogen is evolved

(see above), and 10 grammes of alcohol are produced (Bechamp, Compt.
rend. 58, 601

;
Jahresber. 1854, 575). In the fermentation of sugar

induced by press-yeast, there is formed, in addition to the bodies men-
tioned on page 275, vol. xv, a vegetable base, having the composition
C26N4H20

(Oser, Wien. Acad. Ber. 56, 489; Chem. Centr. 1869, 141).
Moist yeast when kept, first becomes sour, absorbs oxygen, and

gives off carbonic acid (Thenard), and is then converted into an ammo-
niacal mass resembling old cheese (Proust). Putrid yeast contains

crystals of ammonio-magnesian phosphate (Quevenne), tyrosine, butyric
acid (A. Miiller, J. pr. Chem. 57, 162, and 447), also trimethylamine
and other amine-bases, various fatty acids, and pseudoleucine* (Hesse,
J. pr. Chem. 71, 471. Ann. Pharm. 119, 368). The incipient putre-
faction is arrested by addition of sugar, and converted into fermentation

(Schlossberger). Putrefying yeast produces nitrite of potash from the
nitrate (Liebig).

Fresh beer-yeast eliminates a large quantity of oxygen from

peroxide of hydrogen, and rapidly decomposes persulphide of hydrogen;
it loses this faculty by boiling (Schlossberger). In its decomposition
by nitric acid, nitrog-en, carbonic acid, and nitric acid are given off, and
a tallow-like substance is formed (Thenard). Nitric acid in contact

with yeast gives off gas-bubbles and an odour of formic acid, and turns

yellow. The yeast, which has turned yellow at the same time, gives

up xanthoproteic acid to ammonia, after washing, whilst the cell-

* This pseudoleucine is a sulphuretted body, apparently identical with the pecu-
liar substance found by Bopp in the mother-liquor of leucine (xii, 427, 2). It is

likewise obtained from horn, from the neck-band of the ox, from blood-fibrin, syntonin,
albumin, and casein ; it is a mixture containing leucimide or leucomtrile,
C 12NHUO'2

,
and yielding that compound by sublimation (Hesse, loc. cit.; Erlen-

meyer, Ann. Pharm. 119, 117; Jahresb. 1861, 778).
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membranes remain behind, still coloured yellow (Mulder). Chlorine

gas passed into water in which yeast is suspended, forms a brown
mass : Mulder's protein-chlorous acid (p. 265), which is separated

by ammonia into a portion which dissolves, and insoluble cellular sub-

stance (Mulder). Oil of vitriol forms a cherry-red, hydrochloric acid,

a violet solution (Quevenne). Hydrochloric acid abstracts albuminous

matter, and on application of heat, produces ammonia and brown pro-
ducts of decomposition (Mulder).

Ammonia attacks yeast slightly, and, according to Mulder, dissolves

out of it a small quantity of protein-substance. Moderately strong

potash-ley at the boiling heat, dissolves yeast completely, forming. a

brown liquid, with evolution of ammonia (Thenard) ; also forming
sulphide of potassium (Quevenne).

Yeast treated by Schlossberger's method, yields to very dilute

potash, with evolution of ammonia, a protein-substance, which is thrown
down by acids in white Hocks, and re-dissolved by excess of acetic

acid. After drying at 100, it contains 55-08 p. c. C., 13-88 N., 7-5 II.,

acquires a fine violet colour when treated with strong hydrochloric acid,

and is precipitated from its acetic acid solution by ferrocyanide of potas-
sium. The filtrate from these flocks contains a small quantity of yellow-
brown extract (Schlossberger).

From wine-yeast, aqueous carbonate of potash extracts animal

substances, which are precipitated from the gummy solution by acetic

acid. It is not soluble in acids ; dissolves very easily in alkaline water ;

completely in lime-water, from which it is precipitated by carbonic

acid ; carbonate of lime and carbonate of magnesia produced partial
dissolution. It diffuses itself uniformly in water, and when the liquid
is heated, collects into flocks, which have become insoluble in alkalis and
in lime-water (Braconnot).

Acetic acid does not cause yeast to swell up (Quevenne), but extracts

from it a protein-substance, without altering the cell-membrane

(Schlossberger). The protein-substance precipitated from the acetic

solution by carbonate of ammonia, contains at 130, 53*55 p. c. C.,

16-03 N., 7-04 H., 0-25 S., and 22-23 0., neither phosphorus nor ash

(Mulder). Cold alcohol in contact with yeast, acquires a fine yellow
colour (Quevenne) ; boiling alcohol extracts a small quantity of fat, but
no vegetable gelatin (Mulder). The extracts obtained by successive

treatment with cold alcohol, boiling alcohol, and ether, contain nitro-

genous substances, a semifluid fat, phosphoric acid, lactic acid, and
other matters (Quevenne). The ethereal extract of wine-yeast con-

tains cholesterin and a nitrogenous and phosphoretted body, perhaps
lecitliine (p. 374) (Hoppe-Seyler).

For the completion of these statements, and of those made in vol.

xv, p. 265, et seq.y respecting fermentation and yeast, see the following
memoirs :

On Fermentation in general: LEMAIRE (Compt. rend. 57, 958;
Jahresber. 1863, 382); BECHAMP (Compt. rend. 56, 1232, 57, 677;
Jahresber. 1863, 584. Compt. rend. 58, 601, and 1116 ; Jahresber. 1864,

575, and 577) ; PASTEUR against BECHAMP (Compt. rend. 57, 967) ;

BERTHELOT against BECHAMP (Compt. reed. 58, 723). On Lactous
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Fermentation, and the Fermentative Action of Chalk therein : BECITAMP

(Compt. rend. 63, 451 ; Jahresber. 1866, 668).
On the Derivation, Origin, and Propagation of Yeast : JOLY &

MUSSET (Compt. rend. 53, 368; Jahresber. 1861, 725); PASTEUR (Bull.
Soc. Chim. 1862,66; Jahresber. 1862, 473); II. HOFFMANN (Compt.
rend, 60, 633; Jahresber. 1865, 602). Beh.iviour of Yeast when
heated: II. HOFFMANN (Compt. rend. 63, 929 ; Jahresber. 1866, 668).
Influence of Pressure and Cold on Yeast: MELSENS (Compt. rend. 70,

629). Influence of Addition and Abstraction of Water: WIESNER
(Wien. Alcad. Bcr. 59 (2, Abth.) 495

; Chem. Centr. 1870, 191).
On a peculiar Ferment, occurring

1

only in summer, which converts

cane-sugar into Parasaccharose : JODIN (Compt. rend. 53, 1252 ;

Jahresber. 1861, 722. Compt. rend. 55, 720; Jahresber. 1862, 472.

Compt. rend. 57, 434; Jahresber. 1864, 572).
On the Presence of Ammonia in Carbonic Acid produced by

Fermentation: MILLON (Compt. rend. 57, 235; Jahresber. 1863, 583.

Compt. rend. 59, 144; Jahresber. 1864, 579). DUCLAUX (Compt. rend.

58, 1114; 59, 450 ; Jahresber. 1864, 578).
On Fermentation in general : LIEBIG (Ann. Pharm. 153, 1 and

137). RAULIN (Compt. rend. 70, 634).
On Alcoholic Fermentation, and the Mode of Nutrition of the

Yeast-plant: AD. MAYER (Pogg. 153, 293; Chem. Soc. J. [21 9.

426).
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To page 281.

Paralbumin.

P. PLOSZ. Med.-chem. Unters. 1871, 517.

Iloppe-Seyler (Chem. Centralbl. 1862, No. 56) found that the par-
albumin which Scherer obtained from ovarian cysts, &c., contains

besides albumin, a body which, like glycogen (xv, 183), disso!-.

water with milky opalescence, is insoluble in alcohol, is turned brown

by alkalis and yellow by iodine, and when boiled with dilute sulphuric
acid, reduces cupric oxide and bismuth oxide.

Paralbumin is therefore a mixture containing albuminous substances

and a reducing substance. The albumin is held in solution by alkali,

from which it is precipitated by a larger quantity of water and by car-

bonic acid, or by very dilute acetic acid. By alcohol it is precipitated

together with a portion of the alkali ; and after long standing under

alcohol, it is redissolved by moderately warm water. On boiling a

cystic fluid, a portion of the albumin is coagulated; but if the liquid
be neutralised before boiling, the whole of the albumin is coagulated.
Dilute hydrochloric and sulphuric acids convert it into syntonin, which
can then be precipitated by sodium sulphate or chloride. The reducing

body remains in solution when either method of precipitation is employed,
and may thus be easily separated from albuminous matters :

a. The liquid is carefully neutralised with dilute acetic acid, and

precipitated with thrice its volume of alcohol. The precipitate is

washed with alcohol on a filter, pressed, mixed with water, and heated
to the boiling point ; arid the solution filtered from the coagulated
albumin is kept exactly neutral, concentrated to a small bulk, and pre-

cipitated with alcohol. The precipitate, after being well washed with

water, contains the substance free from albumin. To purify it still

further, it is again dissolved in water, heated to the boiling point,

filtered, and again precipitated and washed with alcohol.

/3. Another cystic fluid was mixed with an equal volume of a satu-

rated solution of sodium chloride and so much hydrochloric acid that

one grm. IIC1 was contained in 100 c.c. In this manner the albuminous

body was very completely precipitated, after being changed into

syntonin. Tin- liquid \v;is separated from the precipitate by straining
arid filtration, lastly neutralised, and evaporated to a small bulk, then

filtered from the sodium chloride, which had separated, and from some
albumin ; next precipitated by a large quantity of alcohol, and washed.
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Lastly, the substance was redissolved in water, warmed, filtered, and

reprecipitated by alcohol.

The reducing substance thus prepared contains a considerable

quantity of sodium chloride, from which it can be freed only by pro-

longed washing with alcohol. By the other method, however, of

precipitating the albuminous body by alcohol and heat, the liquid is

separated from the precipitate with difficulty, and decomposition may
ensue from prolonged contact with water.

The substance thus obtained is, when moist, white, gelatinous, and

very like syntonin. It is soluble in water, and separates therefrom on

concentration, in the form of a film, which, when dried, is of a dirty

grey colour, like a dried brittle mass of albumin. \Vhen once dried, it

no longer dissolves to form a clear solution. Its aqueous solution is

opalescent, but can be rendered transparent by repeated filtration ; but
it again becomes turbid on standing. The body is precipitated from its

solution by alcohol, mercuric chloride, and mercuric nitrate ; but not

by acids, either strong or dilute, by cupric sulphate, or potassic ferro-

cyariide. The aqueous solution dissolves cupric hydrate on boiling,
without the addition of an acid, but does not reduce the oxide. It is

not coloured by iodine.

On boiling its clear solution with mineral acids, a flocculent, dirty
brown precipitate is produced. On filtering off this precipitate, the

filtrate, after neutralisation, is no longer precipitable by alcohol ; it

reduces cupric hydrate in alkaline solution, before the boiling point is

reached
;
bismuth oxide and indigo on boiling ;

and is turned brown
when boiled with caustic potash. In aqueous solution this substance

is decomposed by heating, as well as when boiled with acids, and then

yields to alcohol considerable quantities of the reducing body.
The precipitate formed by this decomposition is insoluble in water,

alcohol and acids, soluble in alkalis. It gives none of the reactions

for albumin (formation of xanthoproteic acid on heating with strong
nitric acid, violet coloration with cupric oxide, &c.).

Neither before nor after heating does the watery solution of the body
exhibit any action on polarized light. The aqueous solution of the

product of decomposition acts as a most energetic reducing agent, even
when extremely dilute.

The original substance gave by analysis 49'7 p. c. carbon, 7'4 to

8-8 nitrogen, and 7'6 hydrogen. The variable percentage of nitrogen
is accounted for by the readiness with which the body is decomposed ;

and hence the varying quantities of the reducing body which it contains.

This latter is probably a kind of sugar, and consequently the original
substance is a glucoside ;

it bears considerable resemblance to some of

the varieties of mucin (p. 347).
The reducing body, in its original state, previous to boiling with

acids, dissolves in cold strong nitric acid, and the solution yields with

water a finely flocculent, light yellow precipitate, consisting of a nitrate.

The compound thus formed appears to be different from that which is

obtained by heating albuminous bodies with nitric acid
;

it is still pre-

cipitable after being heated for a short time with water, but dissolves

as the acid is washed out. The nitric acid compound does not explode

by heat or by percussion.

VOL. XVIII. 2 H
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To page 347.

Mucin from the Submaxillary Gland.

J. OBOLENSKY. Med.-chem. Unters. 1871, 590.

The submaxillary glands of an oxen, after being well washed, are

triturated with pounded glass ; the mass is thrown into water, and left

over night ; the liquid filtered
; the residue again treated in the same

manner ; the filtrates precipitated with excess of acetic acid ;
the pre-

cipitate washed continuously first with water and a little acetic acid

(till the filtrate was no longer clouded by ferrocyanide of potassium),
then with hot alcohol ;

and the remaining substance is dried. It is only
the submaxillary gland that yields a body insoluble in acetic acid ; the parotid

gland yields to water nothing but proteids (globulin).
Mucin thus prepared yields 2*44 p. c. ash containing 1*07 p. c. phos-

phoric acid. The organic substance contains neither sulphur nor phos-

phorus, and yields by analysis

C 52-31 52-08
N 11-84 11-90
H 7'22 7-14

28-63 28-88

These numbers agree nearly (excepting in the nitrogen) with those

which Scherer obtained by the analysis of mucin from a cystic fluid

(p. 341), but differ considerably from that obtained by Eichwald (ibid.).

Submaxillary mucin recently precipitated and still moist, swells up
considerably in water, dissolves easily in lime- and baryta-water, and
is not precipitated therefrom by tannic acid, ferric chloride, or mercuric

chloride. The solution of mucin in soda-ley forms with cupric sul-

phate a blue solution, which turns reddish when boiled, without separa-
tion of cuprous oxide. It is quite insoluble in acetic acid, soluble in

strong hydrochloric or nitric acid. The hydrochloric solution soon

turns blue ; the nitric solution yellowish, without yielding an orange
colour with soda-ley. The hydrochloric solution is precipitated by
acetate of soda, not by water. Moist mucin dissolves in aqueous
carbonate of soda, but not in hydrochloric acid of 10 p. c.

After treatment with hot alcohol, and drying over the water-bath,
the mucin scarcely swells up in water, and dissolves but slowly in

lime- or baryta-water, or in aqueous carbonate of soda. Its solution

in caustic soda is precipitated by hydrochloric or nitric acid, very

slowly by alcohol. The solution in lime- or baryta-water reacts with

tannin, ferric chloride, and mercuric chloride in the same manner as the

fresh mucin. It is not dissolved by aqueous chloride of sodium, either

when saturated or when diluted with 3 vol. water. It dissolves in

strong hydrochloric acid, the solution, like that of the fresh mucin,

does not give a precipitate with ferrocj^anide of potassium.
When dried and pulverised mucin is heated over a boiling water-

bath with very dilute sulphuric acid, the resulting solution, even after

25 minutes' boiling although a large portion of the substance still

remains undissolved and still more after 30 minutes, forms, when
boiled with excess of soda-ley and a little cupric sulphate, a precipitate
of cuprous oxide. When warmed with excess of soda-ley alone, the
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liquid turns brown ; it likewise reduces bismuth oxide in alkaline solu-

tion, as well as sulphindigotic acid. If, on the other hand, the heating
of the mucin with dilute sulphuric acid be continued for a longer time,
the quantity of the reducing substance which passes into solution

decreases, and appears ultimately to disappear altogether. This re-

ducing substance is not dissolved by ether when its acid solution is

agitated therewith
;

it is also insoluble in absolute alcohol, and is,

therefore, different from grape-sugar and milk-sugar, from which it is

likewise distinguished by its property of disappearing on prolonged
heating with very dilute sulphuric acid.

Nuclein.

F. MIESCHER. Ueber die Chemische Zusammeusetzung der Eiterzellen.

Med.-chem. Untersuck. 1871, 441. Die Kerngebilde im Dotter

des Huhnereies, ibid. 502.

HOPPE-SEYLER. Ueber die Chemische Zusammensetzung der Eiters.

Mcd.-chem. Untersuch. 1871, 486.

A substance resembling mucin, existing in pus-corpuscles and in

the nuclear structures of the yolk of the hen's egg.

A. From Pus-corpuscles. To obtain pus-corpuscles free from serum,
the pus and articles soaked with it, such as surgical bandages, are

treated with a mixture of 1 part saturated solution of sulphate of soda
and 9 parts water, or, if the alkalies of the ash have to be estimated,
with a saturated solution of nitrate of baryta diluted to one-half.

In these liquids the pus-corpuscles sink to the bottom, and, after

repeated washing, are obtained sufficiently pure, while the superna-
tant fluid is tolerably free from turbidity.

To isolate the nuclei, the corpuscles, after being treated in the cold

with dilute hydrochloric acid, are shaken with a mixture of ether and

water, whereupon the nuclei settle to the bottom of the watery liquid
in the form of a fine powder.

Another method of isolating nuclei is to digest the pus corpuscles,
after previous digestion in warm alcohol, in a pepsin solution made from
an extract of pig's stomach, and containing 1 per cent, strong hydro-
chloric acid. The nuclei then remain, while the rest of the corpuscle is

digested away ; the}' resemble those obtained by the former method,
except that they are more shrivelled and granular.

The nuclei consist of a substance soluble in dilute soda-solution, and
another insoluble : soluble and insoluble nuclein. They are entirely
soluble in strong hydrochloric acid and caustic alkalis.

The substance of the nuclei contains nitrogen and sulphur, and is

very rich in phosphorus, which is a real organic constituent.

Nuclein appears to be a definite chemical substance, and not a mere
mixture (Miescher).

Pus-corpuscles are composed chiefly of albuminoids. When treated with a solution

of sodium chloride of 3 10 per cent., they are converted into a gelatinous viscous

mass. This depends, as Rovida has shown, on the formation of a ring of hyaline
substance round each cell.
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The constituent albuminoids appear to be

1. Alkali-albuminate, partially precipitated by carbonic acid, more completely by
acetic acid, insoluble in chloride of sodium, soluble in hydrochloric acid of O'l p. c.

2. An albuminoid coagulable at 48 49, and consisting of flocculi insoluble in

hydrochloric acid of O'l p. c., in sodium chloride, and in very dilute soda-solution.

It is therefore not merely albumin dissolved in a phosphate. 3. An albuminoid

coagulable at the ordinary temperature of serum albumin. In addition to these

4. Rovida's hyaline substance, a proteide insoluble in water, soluble in hydrochloric
acid of O'l p. c., swelling up in salt water.

By treating the corpuscles with strong alcohol at 50 60, an extract is obtained,
the greater part of which is soluble in ether, and contains lecithine, amounting to

41'3 p. c. of the whole extract, or 17'8 p. c. of the dry pus-corpuscles. This is not
far different from the amount found by Parkes in the yolk of egg (protagon 52 p. c.

= 20'7 p. c. lecithine). The portion insoluble in ether yielded, when treated with

sulphuric acid, a substance which gave the sugar reaction : probably cerebrin or a
similar body. 100 pts. of the dry corpuscles yielded T269 p. c. ash, containing
0-143 Had," 0-263 NaO, 0'655 KO, 0'083 CaO, 0'087 MgO, and 0'039 Fe2O3

.

B. From the yolk of the Hen's Egg. The yolk consists of yellow
and white elements, the yellow constituting the principal part, the

white being found chiefly under the yolk-membrane, round the germinal
vesicle, and in a process extending from this into the centre of the

yolk. The white yolk-elements differ much in size and appearance ;

they possess distinct cell-membranes and homogeneous contents, and
within this is found a peculiar spheroidal, solid, strongly refractive

body. Sometimes more than one, and sometimes a great number exist,

varying in size down to molecular fineness.

To determine the nature of these elements, the yolk was freed from
membrane as far as possible, exhausted with ether, and then treated

with boiling alcohol four times in four successive hours. The residue

was boiled with water to get rid of the alcohol, and then subjected to

digestion with pepsin. As an indigestible residue, a powdery white

deposit remained, while the supernatant fluid remained clear. This

deposit was washed till all turbidity with tannin ceased, then exhausted
with warm alcohol and ether in order to get rid of any traces of lecithine

or hystoly tic products which might have been produced by the process
of digestion.

The deposit thus treated consists chiefly of flakes or conglomerations
of granules of various shapes and sizes, which are the peculiar nuclear

bodies of the yolk- elements. Some of these have the same appearance
as in the fresh yolk ; others are variously changed, in consequence of

the extraction of certain of their constituents. These nuclei are soluble

in a 1 per cent, solution of sodium carbonate, forming a more or less

opalescent liquid which contains no structural element, excepting a few
fat globules. The solution is precipitated by acetic acid and by dilute

hydrochloric acid, just like the solution of pus nuclei.

The precipitate gives the xanthoprotein reaction, a violet colour with

potash and sulphate of copper, and a faint red with Millon's reagent.
In other respects also it agrees with pus-nuclein. Alcohol dissolves a

small portion, so likewise does ether.

The dry substance yields phosphorus in large quantity : in one case

0-3583 grm. nuclei gave 15*35 p. c. ; in another, 0*2985 grm. nuclei gave
16-23 p. C. phosphoric acid. In the first case the nuclei were obtained from a
soda-solution by precipitation with acetic acid ; in the second by digestion.

When the substance is carefully heated till all ammoniacal vapours
have disappeared, a bulky coke is left which, with the exception of -5 03

per cent, phosphoric acid and a trace of silica, gives no ash.
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The quantity of phosphorus obtained in this way is only one-third

the whole quantity contained in the substance, the rest having disap-

peared. This indicates a peculiar organic combination of the phos-
phorus : a phosphoretted albuminoid substance, like the nuclein of

pus.
One egg-yolk weighing about 15 20 grms., yields from 0-2 0'5 grm.

dry nuclein. Hence of 15 per cent, albuminoid substance contained in

the yolk, 1 1-5 per cent, at least is nuclein a relation of nuclein to

protoplasm which is higher than in the pus corpuscle. As the white

yolk-elements are small in quantity as compared with the yellow, it

follows that the yellow are also nucleated structures.

END.
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